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Varying Input Voltage : 
185-270 Volts. 
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AUTOMATIC VOLTAGE REGULATORS A 


General Characteristics 


Constant A.C. Output 
Example : 230 volts + 1%—-50-cycles/sec.—single phase. 
Any output voltage may be ordered (see below), 
Wide A.C. Input Voltage Limits 


Example : 185-270 volts, 50-cycles, I-phase. Other single- 
phase voltages or frequencies can be dealt with, on special 
‘orders. 


Entirely Automatic—Quick Action 


There are no moving parts. No adjustments need ever be 
made and no maintenance is required. The regulating action 
is virtually instantaneous, the time required for adjustment 
to a new voltage, or load condition being so short that it is 
quite imperceptible by ordinary means. 


Load Rating 


Six standard, nominal ratings are carried in stock as listed 


Constant Output Voltage : 
230 Volts +1% 


General Advantages and Uses, etc. 


Constant A.C, input voltage Is essential for the effective 
operation of many electrical devices, both industria! and 


laboratory patterns. 


Examples : X-ray apparatus, Incan- 


descent-lamp light sources (photometers, photo-printing, 
colour comparators, photo-électric cell applications, spectro- 
graphy, etc.), laboratory test-gear (VTVM’s, signal generators, 
amplifiers, oscillators, signal generators, standards of frequency, 
etc.) : the larger patterns for stabilizing a complete laboratory 
room or test-bench: the smaller untts as integral com- 


ponents of equipment. 


la Priority Orders Only 
Condition are such that we can only consider orders and 
enquiries where essential work is indicated. On IA Priorities 


delivery is either early or ex stock. 


Fee on can pe beilt: inielyding models giving (example) ¢ 
revels pn eorn alte -ceabilien wall under allt load Complete Data 4 
conditions, from no-load to 100% load. Please request Bulletin VR 1243. } 
SEVEN STOCK MODELS ARE OFFERED j 
Type Watts | A.C. Input Voltage| Output Voltage Net Wt. Price | | 
~VR-+10 10 | | 3 Ibs. £50015 Li 
VR-20 20 : | 8 Ibs. £8- 0 F. 
VR-60 6 | 1oeo a Nr 17 Ibs. £10 - 10 | 
50~ Or, as ordered | 1 
VR-150 150 Re | 42 Ibs. £13 - 10 
VR-300 300 | Hee | (see text above) 60 Ibs. £22 = 10 
VR-500 500 | 65 Ibs. £29 - 10 | 
VR-1000 1000 | 120 Ibs. £47 - 10 


ELECTRICAL AND RADIO 
180. Tottenham Court Road, london, W.| and 76,0LDHALL ST. LIVERPOOL, 3, LANCS. 
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FAMOUS THROUGHOUT 
THE WORLD 
Millions in Use 
since the inception 
of broadcasting 
in 1922 


BADIO INSTRUMENTS LTD. 
Purley Way, Croydon. 


ETTER... 


Mir Insulation... 

is the basic principle of 
LOW LOSS 
| G ©) oJ XK CABLES 
| Mnequalled Hf, Properties 


There 1s a COAX Cable for every NE Purpose 


TRANSRADIO LTD. inc TELEQUIPMENT CO. 16 HIGHWAY BEACONSFIELD) 
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EIMAC 304TH PATRON 
has a : 150 WATTS 
plate dissipatim 


100 WATTS 


EIMAC 75TH 
bus us 
plate dissipation off 


7S WAITS 


First Public Appearance 
of these 5 EIMAC valves 


Eimac has never stopped development of new 


Get you 
pe vacuum valves. While many types must still be 
TELESIS kept secret for military reasons the five here 


A 64-page booklet 
that will assist engi- 
neers in explaining 
the fundamentals of 
electronics to the 
layman. Copies will 
be mailed to you 
without obligation 

additional copies) 
for your associates 
upon request. Don’t 
delay! The edition is 


presented can be announced. Full technical data 
is available now on these five as well as new 
information about the entire Eimac line. Write 


today for your copies. 


limited. iV 
J 
Follow the leaders to 
EIMAC 25T 
s hasu A 

EITEL-McCULLOUGH, INC. plate desipution of ch EIMAC 3€ 24/246 
B15 San Meteo Avenve, SAN BRUNO, CALIF. 25 WATTS has ot f 

Plann loratediai plate drvipatian off 

f 25 WATTS 


San Bruno, California and Salt Loke City, Utah 
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Export Agents: FRAZAR & HANSEN 
b01 Clay Street, San Francisco. Califa U.S. A. 
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sets the pace 
HIGH CONDUCTIVITY a TENSILE STRENGTH 


pre® 


HIGH FATIGUE STRENGTH «+ 


When -other metals fail through fatigue Teleon Beryllium-Copper 
Alloy (Cu Be 253) carries on tireless and triumphant. Possessing 
ahardness up to 490 Brinell, exceptionally high tensile strength 
and conductivity, it offers greater resistance to fatigue than any 
other non-ferrous metal. Pliable and ductile in the softened con- 
dition, it can be worked to the finest limits. Available as strip, rod 


and wire, Cu Be 250 is invaluable for spring and diaphragm parts. 


Leaflet and full details on request. 


Manufactured by: 
THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 
Head Office: 22 OLD BROAD STREET, LONDON, E.C.2. Tel.: LONdon Wall 3141 


Sole Distributors : 


BERYLLIUM & COPPER ALLOYS LTD., 39 Victoria $.W.1. 


| 


Street, London, 


THE TANNOY LABORA- 
TORY can provide a skilled 
and specialised service in the 
investigation of all problems 


ELL made of steel, double ridged for 
strength. Teeth on three sides of lower 
jaw give firm grip and good contact. Opens 13”. 


Wingard products are always equal to the job 
they have to do. For our own sakes—as well 
as yours—they bear our name, because the 
reputation of the maker is, in the last analysis, 
the best guarantee of the product. 


Precision En 
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EDGWARE ROAD, HENDON. N.W. 


EUGENE WORKS, 9 
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| 
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| 
> 
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connected with vibration and 
sound. This covers most as- 
pects of acoustical research 
and is available to industry 
and Government Departments 
engaged on priority projects. 


TANNOY 


RESEARCH LABORATORY 
CANTERBURY GROVE, S.E.27 
PHONE : GIPSY HILL 1131 


“TANNOY ’’ is the regis- 
tered trade mark of equip- 
ment manufactured by 
GUY R. FOUNTAIN Ltd. 
the largest organisation 
in Great Britain specialis- 
ing SOLELY in Sound 
Equipment. 
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TYPE LO.800A 
This model is chosen as 
a Standard by most 
Departments. 


FREQUENCY RANGES (3 Models) 


0-15,000 c.p.s. Stable, reliable and indi ! 
0-25,000 c.p.s. cain ab 
0-50,000 c.p.s. 


Three range Output Voltmeter incor- 
porated—0-250, 0-50, and 0-10. 


Four output impedances, 5,000, 1,000, 
600 and [5 ohms. 


OUTPUT UP TO 5 WATTS. 10 CYCLES PER SECOND 


TYPE LO.800A OSCILLATOR, a scale of which is illustrated together 
with an actual oscillogram of output voltage, gives good waveform even 
below {0 c.p.s. This necessitates a minimum “ pull-in ” between the 
two_H.F. oscillators. Superlative design results in an almost perfect 
waveform from lowest to highest frequencies. Output voltage is 
constant to within a few per cent. over the frequency range. 


BIRMINGHAM SOUND REPRODUCERS LTD., 
CLAREMONT WORKS, OLD HILL, STAFFS. 
*Phone : Cradley Heath 6212/3. ’Grams : Electronic, Old Hill. 


Neo 


EX WORKS 


Designed for high power 
handling capacity, they meet 
present - day requirements 
in large-halls and workshops, 
giving consistently high 
fidelity reproduction with 
full volume. 


Early application is recommended in view 
of restricted quantity. As no adequate 
packing is available for rail and road transit, 
we are obliged to offer these speakers to 
those who can collect ex works unpacked. 


-GOODMANS 


INDUSTRIES LIMITED TANCELOT ROAD. WEMBLEY. MIDDX, 


© 
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WAVEMETERS 
OB CIELA TORIS 
CONDENSERS 


ILNDUCTANGCES 


SULLIVAN 


— LIMITED — 
bondon, S. E.15 
Tel. New Cross 3225 (Private Branch Exchange) 


RESISTANCES 


ALL TYPES—ALL FREQUENCIES—ALL ACCURACIES 


ENGINEER 


Electrical Standards for 
Research and Industry 


Testing and Measuring Apparatus 
for Communication Engineering 


BRIDGE S__ Capacitance 
Inductance 
Resistance 


lam the c.g.s. 
unit of energy— 
you'll find me 
in every -radio 
circuit. 


E R G 


ERG is the 
trade mark that 
will identify our 


products, of quality—small parts for big jobs. 


ERG RESISTORS LTD 


l02la, FINCHLEY ROAD, 
LONDON, N.W.II 


Phone : Speadwall 6967 


Oo A O 
VALVEHÖLDERS 


' The name “Celestion” is a 
guarantee of quality and service. 


i 

l . 
; List of British and American types 4 
| i will be sent on request. 7 
: 

g 


$ Supplied against Priority 


Qrders only. 


EE EnRON LTD 
TON UPON- THA ES. SURREY. 
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COSSOR 


Double Beam 


CATHODE RAY 
OSCILLOGRAPH 


Produced by the pioneers of Cathode 
Ray Tube development and applica- 
tion, Cossor Model 339 Oscillograph 
is the most comprehensive instru- 
ment of its type. In addition to 
remarkable performance, it is unique 
in enabling the simultaneous exami- 
nation of two variables such as 
voltage and current. 


Illustration shows the Cossor Standard Model 339 
DOUBLE BEAM Ocscillograph. Price £40 net. A 
96pp. Technical Instruction Manual is supplied with each 
instrument or may be obtained at 3/6 (Postage 3d.) 


A. C. Cossor Ltd. 


Instrument Dept., Cossor House, 
Highbury Grove, London, N.5. 


Constant bellage 
| TRANS FORMERS 
Line Voltage Variations of 


+15 %reduced to + 1% 
TYPICAL SPECIFICATION 
INPUT VOLTAGE 190-260 v 50c.p.s. 
OUTPUT VOLTAGE 230v. + 1% 
MAX. LOAD. 150 watts. 
Input power factor over 90% 
r Prices onapplication Write for details. 


et = 


BACK ROAD, SHERNHALL STREET, WALTHAM 


STOW, LONDON, E.I7. Phone: LARkswood 4366 & 4367 
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VARIABLE CAPACITORS 


Present circumstances demand 
increased production by standardiza- 
tion. We are, nevertheless, looking 
to the future and would welcome 
an opportunity to discuss with you 
your requirements for production, 


development and new designs. 


SYDNEY S. BIRD & SONS LTD. 


CAMBRIDGE ARTERIAL ROAD, ENFIELD. 


WODEN “JUNIOR” 
1S-watt 

Totally enclosed, solidly built 
instrument giving full 1{S-watts 
undistorted output. Impedance 
8 and I5 ohms. Input for gramo- 
phone and moving coil micro- 
Phone. A.C. operation. 


WODEN TRANSFORMER CO. 


= m. “SOUND” BUSINESS 
OFFER 
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TWO UNSURPASSED 
PUBLIC ADDRESS AMPLIFIERS 


WODEN are naturally 
engaged chiefly on war 
products, but welcome 
enquiries now, where 
licences and prior- 
ities permit, for 


Transformers, 
Special Power 
Packs, etc. 


PLAN your post-war 
requirements for 
Sound Business with 
Wojen NOW. 


WOODEN “CLASSIC” 

50-watt 
An extremely robust and well 
designed totally enclosed Am- 
plifier, Gramophone and Moving 
Coil Microphone. Inputs and 
output 8, 15 and 250 ohms. The 
ideal Amplifying System for 
A.R.P. purposes, Dance Bands, 
Works and all Public Address 
uses. 


LTD., Commonwealth House, 


em 


LONDEX for RELAYS am 


The wide range of 
Londex Relays in- 
cludes a variety of 


TYPES APPROVED 
b 


New Oxford Street, London, W.C.1. Phone : CHAncery 6541 (3 lines), 


PATENTS & DESIGNS WANTED 


Radio Electric Patents, etc. Well-known London 


Radio Component manufacturers are open to 
| consider Patents or Designs for Post-War period. 
Progress, c/o Alfred Bates & Son, Ltd., 
130 Fleet Street, London, E.C.4. 


Write: 


y 
AIR MINISTRY, 
M.A.P., 
ADMIRALTY. 


Ask for details and 
leaflet SPN/WE. 


ARGE DEPT. FOR WIRELESS BOOKS. 


FOYLES 


FINEST STOCK IN THE WORLD OF NEW AND 
SECONDHAND BOOKS ON EVERY SUBJECT. 
Quick Postal Service. Books Bought, 
119-125, CHARING CROSS ROAD, LONDON, W.C.2. 
Tel.: GERrard 5660 (16 lines). Open 9 a.m.—4 p.m., including Saturday. 


Relay ML 
(for D.C. only) 


LTD 


Multiple Contact 
Relay LF 


LONDE X > 


MANUFACTURERS OF RELAYS 


anbaka” 207-ANERLEY ROAD: LONDON-S-E-20 svorwnan 6250/9 


“l DEJ 
SE NG 
WOULD 


RUBBER PARTS 


As soon as the war is won we hope 
to offer our usual DAINITE”’ 

Service for Moulded Rubber Parts. 
In the meantime, enquiries for per- 
mitted essential lines will receive 
every attention. 


RADIO RADIO. 
STAMPINGS ° CHASSIS > 


FARM LANE, FULHAM, S.W.6. TELEPHONE: 


RADIO 

PRESSINGS 

FULHAM 5234 
C. R. Casson 4 


THE HARBORO RUBBER CO.LTD. 


MARKET HARBOROUGH 
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“AVO” Electrical 
Testing Instruments 
are actively engaged 
on the fighting and 
factory fronts, sharing 
a great responsibility 
with a proud sense 
of duty and high con- 
fidence in the future. 


Pekel 


| TESTING 
INSTRUMENTS 


it will therefore be appreciated by our numerous trade friends 
that we can now only accept orders which bear a Government 
Contract Number and Priority Rating. 


Sole Proprietors and Manufacturers :— 
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'Phone.: ViCtoria 3404-8 


There is more than one possible answer to the problem of 
the quart and pint pot, but to the question of measurement 
in electrical communications there must be only one answer 
—and it is the function of Marconi Instruments to provide 
it. For Marconi’s have pioneered not only an ever widen- 
ing range of communication equipments but also the art 


MARCONI 


ELECTRA HOUSE VICTORIA 


EMBANKMENT 


of testing the many instruments in this specialised field. 
To-day the testing difficulties which once beset the 
electrical engineer are solved by the precision measuring 
apparatus of Marconi Instruments Limited. Their 
specialists are at your service for consultation on any 
specific problems. 


INSTRUMENTS LTD 


LONDON Wee G2 
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STUDDING 

and | 
STUDDING. 
PRODUCTS 


Accurately cut threads, [Ail diameters. 
All lengths. All metals. 


Large Stocks 
PROMPT DELIVERIES 


Send for comprehensive Price List of 
Studding, Screws, Nuts, etc. 


| 


| TELCO Ltd. Makers of TELCOMATIC Machine Tools 


41, Gordon Square London, W.C.1. 


@o3-14 


— KESSLERS, London) LO 


PRECISION TURNING AND MACHINING 
OF PLASTIC MATERIAL TO age 


ALBION HOUSE, 201-3, CHURCH STREE 
LONDON, N.16. Tel. : Clissold e047. 


A 

Indispensable to 
Radio Service Engi- 
neers, Makes 20 tests, 
Interesting Booklet on request. 
From all Wholesalers or direct, 
Send for leaflet G24, 


RUNBAKEN --MANCHESTER--|I 


LEWIS'S SCIENTIFIC 
LENDING LIBRARY 


ELECTRICAL & RADIO ENGINEERING 
TEXTBOOKS & WORKS OF REFERENCE 


New Works and New Editions can be had from the 
Library immediately on publication. 


ANNUAL SUBSCRIPTION from ONE GUINEA 


Prospectus on Application 


H. K. LEWIS & Co. Ltd. 


136 Gower Street, London, W.C.1 


Telephone : EUSton 4282 (5 lines) 


"Phone; EUSTON 1467/8 | 


MIDGET 
VALVES 


E HIVAC LIMITED 
v Greenhill Crescent, 


Telephone: Harrow 0895. Harrow on the Hill. Middx. 


Piezo QUARTZ CRYSTALS 
for all applications. 
Full details on request. 


QUARTZ CRYSTAL CO., LTD., | 
(Phone : MALden 0334.) 63-71, Kingston Rd., New Malden, SURREY. 


VENT-AXIA 


FOR BETTER AIR CONDITIONS 


VENT-AXI\ LTD. 9 VICTORIA STRELI LONDON, 5. .1 AND AT GLASGOW & MANCHES™ER 


KING 


PELECTRIC Shim for book- 
let on lifting and 


CHAI Ty a Era 

PU LL EY aE etal ee 

BLOCK 5 
equipment. 

GEO. W. KING LTD., 


HARTFORD WORKS - HITCHIN - HERTS 
MANCHESTER CENTRAL 3947 NEWOASTLE 24196 


HITCHIN 960 


GLASGOW 
DOUGLAS 27989 
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VALVE MAINTAINED 
TUNING FORK, TYPE A-339 


(Incorporating our MINIATURE TUNING FORK) 


An audio-frequency standard of 
precision accuracy, small dimen- 


sions and reasonable price. 


SPECIFICATION 


GENERAL. Elinvar Tuning POWER OUTPUT. Typ: A-339-A 
Fork, hermetically sealed 1 watt into 600 ohms for 2% distor- 
and temperature controlen tion. 
PREE aI ene aaa Type A-339-B. } watt into 600 ohms 
for 2% distortion. 
FREQUENCY. Normally s 
1000 c.p.s: — may be supplied DIMENSIONS. B-th types, a 
for any frequency between x 103” x 104” deep. MUIRHEAD AND COMPANY LIMITED 
500 c.p.s. and'4000 c.p.s. 
SUPPLIES. Type A-339-A Bulletin No. B-522-A, giving full ELMERS END, BECKENHAM KENT 
A. ains. particulars of these instruments 
Type A-339-B ... "Batteries. will be supplied on request. Telephone: Beckenham 0041-0042 


FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 


C. R. Casson 34 


“RR am DAN: ASEM AER Ona tec SANG meee 


Practically all electrical insulating material involves heat processing. The thermo 
setting resins used for moulding fittings and making synthetic boards set at about 
150°C and upwards ; the thermo plastics used for cable coverings and fittings soften 
at about 120°C and upwards. 

Poor conductivity limits the rate of manufacture and tends to produce non- 
uniformity. 

Radio Heating, by its generation of heat in the insulator itself, speeds output and 
gives a better product for the general benefit of the electrical industry. 

Rediffusion have a fund of practical experience available to makers of electric 
fittings which involve plastics, asbestos, thick ceramic sections, etc. 


ALON: LTD: Wia 


VICTORIA STATION HOUSE » VICTORIA STREET » LONDON + 5'W'i (PHONE VICTORIA 883i) 
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the Solder wire with 3 cores of non-corrosive ERSIN FLUX is preferred by the majority of firms 
manufacturing the best radio and electrical equipment under Government Contracts. 


WHY THEY USE CORED SOLDER 


Cored solder is in the form of a wire or 
tube containing one or more cores of 
flux. Its principal advantages over. stick 
solder and a separate flux are : 


(a) it obviates need for separate flux- 
ing (b) if the correct proportion of flux 
is contained in cored solder wire the 
d correct amount is automatically ap- 
plied to the joint when the solder wire is melted. This is 
important in wartime when unskilled labour is employed. 


WHY THEY PREFER MULTICORE SOLDER. 3 Cores—Easier Melting 
Multicore Solder wire contains 3 cores of flux to ensure flux 
continuity. In Multicore there isalwayssufficient proportion of 
flux to solder. If only two 
cores were filled with flux, 
satisfactory joints are ob- 
tained. In practice, the care 
with which Multicore Sold- 
er is made means that there 
are always 3 cores of flux 
evenly distributed over the 
cross section of the solder, 
so making thinner solder walls than single cored solder, thus 
giving more rapid melting and speeding up soldering. 
ERSIN FLUX 
For soldering radio and electrical equipment non- 
corrosive flux should be employed. For this reason either pure 
resin is specified by Government Departments as the flux to 
be used, or the flux residue must be pure resin. Resin is a com- 
paratively non-active flux and gives poor results on oxidised, 
dirty or “ difficult” surfaces such as nickel. The flux in the 
cores of Multicore is ‘“‘Ersin’’—a pure, high-grade resin sub- 
jected to chemical process to increase its fluxing action with- 
out impairing its non-corrosive and protective properties. The 
activating agent added by this process is dissipated during the 
soldering operation and the flux residue is pure resin. Ersin 
Multicore Solder is approved by A.I.D., G.P.O., and other 
Ministries where resin cored solder is specified. 
PRACTICAL SOLDERING TEST OF FLUXES 
The illustration shows the result of a practical test made 
using nickel-plated spade tags and bare copper braid. The 
parts were heated in air to 250° C, and to identical speci- 
mens were applied $” lengths of 14 S.W.G. 40/60 solder. To 
‘ | sample A, single cored solder with resin 
flux was applied. The solder fused only 
at point of contact without spreading. A 
dry joint resulted, having poor mechani- 
cal strength and high electrical resistance. 
To sample B, Ersin Multicore Solider was 
applied, and the solder spread evenly 
and copper surfaces, giving a sound 


over both nickel 
mechanical and electrical joint. 

ECONOMY OF USING ERSIN MULTICORE SOLDER |» 
The initial cost of Ersin Multicore Solder per Ib. or per cwt. | 
when compared with stick solder is greater. Ordinary solder 
involves only melting and casting, whereas high chemical skill 
is required for the manufacture of the Ersin flux and engineer- 


ing skill for the Multicore Soider incorporating the 3 cores 
of Ersin Flux. However, for the majority of soldering pro- 
cesses in electrical and radio equipment Multicore Solder will 


CORE 
SOLDER 


| show a considerable saving in cost, both in material and 


labour time, as compared either with stick solder. or single 
cored solder. Cored solder ensures that the solder and flux 
are put just where they are required, and by choice of suitable 
gauge, economy in use of material is obtained. The quick 
wetting of the Ersin flux as compared with resin flux in single 
core resin solder ensures that with the correct temperature 
and reasonably clean surface, immediate alloying will be ob- 
tained, and no portions of solder will drop off the job and be 
wasted. Even an unskilled worker, provided with irons of 
correct temperature, is able to use every Inch of Multicore 
Solder without waste. 


ALLOYS 


Soft solders are made in various alloys of tin and lead, the 
tin content usually being specified first, i.e. 40/60 alloy means 
an alloy containining 40% tin and 60% lead. The need for con- 
serving tin has led the Government to restrict the propor- 
tion of tin in solders ofall kinds. Thus, the highest tin content 
permitted for Government contracts without a special licence 
is 45/55 alloy. The radio and electrical industry previously 
used large quantities of 60/40 alloy, and lowering of tin con- 
tent has meant that the melting point of the solder has risen. 
The chart below gives approximate melting points and 
recommended bit temperatures. 


ALLOY Equivalent Solidus Liquidus Recommended bit 
Tin Lead B.S. Grade G2 RE _ Temperature C.° 
|- 45/55 |. M |___183° 227° 267° 
40/60 c 183° 238° 278° 
| 30/70 D 4 183° 257° 297° 
t8.5/81.5 N 187° 277° 317° 


VIRGIN METALS — ANTIMONY FREE 


The wider use of zinc plated components in radio and 
electrical equipment has made it advantageous to use solder 
which is antimony free, and thus Multicore Solder is now 
made from virgin metals to B.S. Specification 219/1942 but 
without the antimony content. 


IMPORTANCE OF CORRECT GAUGE 


Ersin Multicore Solder Wire is made in gauges from l0 S.W.G. 
(.128"—3.251 m/ms) to 22 S.W.G. (.028’—.711 m/ms). The 
choice of a suitable gauge for the majority of the soldering 
undertaken by a manufacturer results in considerable saving. 
Many firms previously using 14 S.W.G. have found they can 
save approximately 331/3% , or even more by using 16 S.W.G. 
The table gives the approximate lengths per ib. in feet of 
Ersin Multicore Solder in a representative alloy, 40/60. 


S.W.G. lO B T14 6 8 22 


Feet per Ib. 23 44.5 58.9 92.1 - [63.5 481 


CORRECT SOLDERING TECHNIQUE 


Ersin Multicore Solder Wire should be applied simultane- 
ously with the iron, to the component. By this means maxi- 
mum efficiency will be obtained from the Ersin flux contained 
in the 3 cores of the Ersin Multicore Solder 
Wire. It should only be applied directto the 
ironto tin it. The iron should not be used 
as a means of carrying the solder to the 
joints. When possible, the solder wire 
€ should be applied to the component and 
the bit placed on top, the solder should 
not be “ pushed in” to the side of the bit. 


ERSIN MULTICORE SOLDER WIRE is now restricted to firms on Government Contracts and other essential Home 
Civil requirements. Firms not yet using Multicore Solder are invited to write for fuller technical information and samples, 


MULTICORE SOLDERS LTD. COMMONWEALTH: HOUSE, NEW OXFORD ST., LONDON, W.C.I. Tel: CHAncery 5171/2 
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An Interesting Patent Decision 
Marconi’s W.T.Co. of America versus The United States 


DELAYED—very much delayed—action 
A bomb has recently exploded in the United 

States. The action referred to was a patent 
action brought against the U.S. Government by 
the Marconi Co. claiming damages for infringement. 
The patents in question were No. 763772 (Reissue 
No. 11913)—the American counterpart of the 
celebrated British Pat. No. 7777—granted to 
Marconi in 1904 for improvements in apparatus 
for wireless telegraphy, No. 609154 granted to 
Lodge in 1897 and acquired by the Marconi Co. 
on its extension for another seven years in 1911, 
and No. 803684, which was the celebrated Fleming 
patent of 1904 for the diode valve. 

The judgment of the Supreme Court is prefaced 
by a number of interesting pronouncements that 
really form a summary of the judgment which 
occupies twenty two pages of the Official Gazette of 
the United States Patent Office issued in November 
1943, just over forty-three years after Marconi 
lodged his patent application. The following are 
some of these pronouncements. 

“ A patent specification is merely descriptive or 
illustrative of an invention, and is not to be read 
as though it were claims whose function is to 
exclude from the patent all that is not specifically 
claimed.” ‘‘ Merely making a known element .of 
a known combination adjustable by a means of 
adjustment known to the art, when no new or 
unexpected result is obtained is not invention.” 


Stone had applied before Marconi for a patent. 


in which the sending and receiving aerials were 
coupled to tuned circuits, but without stating 
specifically that the aerials had also to be tuned. 
In 1902, i.e. after the filing of Marconi’s applica- 
tion, in which all the four elements were tuned, 
Stone was allowed to amend`his application by 


’making the aerials tunable, apropos of which 

“We would ordinarily be slow to recognise 
amendments made after the filing of Marconi’s 
application and disclosing features shown in that 
application, but here Stone’s letters to Baker, 
‘whose authenticity has not been questioned in 
this case, afford convincing proof that Stone had 
conceived of the idea of tuning all four circuits 
prior to the date of. Marconi’s invention.” 

“Tt is well established that as between two 
inventors priority of invention will .be awarded to 
the one who by satisfying proof can show that he 
first conceived of the invention.” ‘‘ Commercial 
success achieved by the later inventor and patentee 
cannot save his patent from the defence of anticipa- 
tion by a prior inventor.” “ Judgment of Court 
of Claims holding invalid the broad claims of 
Patent No. 763772-to Marconi for improvements 
in apparatus for wireless telegraphy, affirmed.” 


One Claim may be Valid 


The Court of Claims had, however, held that one 
claim, viz. claim 16 of the Marconi patent was not 
invalid, and it had given judgment against the 
Government on this claim in the sum of 43,000 
dollars. The Government appealed against this 
finding. The lower Court had “ based its holding 
that claim 16 disclosed patentable invention on 
its finding that Marconi, by the use of an adjustable 
condenser in the antenna circuit, disclosed a new 
and useful method of tuning that circuit. The 
Government contends that the arrangement of 
the antenna circuit disclosed by Marconi’s specifi- 
cations—with the condenser shunted around the 
transformer coil but not around the variable 
inductance—is such that the condenser cannot 
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increase the wavelength over what it would be 
without such a condenser, and that it can decrease 
that wavelength only when adjusted to have a 
very small capacity. The Government contends, 
therefore, that its’ principal function is not that of 
tuning but of providing ‘loose coupling,’ The 
Government does not deny that this precise 
arrangement is novel and useful, but it contends 
that its devices do not infringe that precise 
arrangement, and that claim 16, if more broadly 
construed so as to cover its apparatus, is invalid 
because anticipated by the prior art, particularly 
the patents of Pupin and Fessenden.” 

“The idea of tuning the antenna circuits 
involved no patentable invention. It was well 
known that tuning was achieved by the proper 
adjustment of either the inductance or the capacity 
in a circuit, or both. Lodge and Stone had 
achieved tuning by the use of an adjustable induc- 
tion coil.” 

“ Moreover the use of an adjustable condenser 
as a means of tuning was known to the prior art. 
Pupen in Patent No. 640516 applied for May 28, 
1895, and granted January 2, 1900, before Marconi, 
disclosed the use of an adjustable condenser as a 
means of tuning a receiving circuit in a system of 
wired telegraphy. . . . It is true that his patent 
related not to the radio art but to the art of wired 
telegraphy, an art which employed much lower 
frequencies. But so far as we are informed, the 
principles of resonance, and the methods of 
achieving it, applicable to the low frequencies 
used by Pupin are the same as those applicable to 
the low frequency radio transmission and recep- 
tion.” 

“ In the present state of the record we do not 
undertake to determine whether and to what 
extent these disclosures either anticipate claim 16 
of the Marconi patent or require that claim to be 
so narrowly construed that defendants’ accused 
devices, or some of them, do not infringe Marconi. 
. . - These are all matters requiring careful con- 
sideration by the trial court. In order that the 
case may receive that consideration, we vacate 
the judgment as to claim 16 and remand the cause 
to the Court of Claims for further proceedings in 
conformity to this opinion.” 

Surely the situation is almost incredible. In 
his “ Radio-Beam and Broadcast ” of 1925, A. H. 
Morse says of this patent: “ It was made the 
basis of several successful infringement suits, and 
when it was strengthened by the acquisition of 
Lodge’s 1897 patent, it gave the Marconi Company 
for a time almost a monopoly of syntonic wireless 
telegraphy in England and America.” Now, more 
‘than forty years later, the efforts of the Marconi 
Company to recover damages for infringement 
which must have occurred during the last war, if 
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not earlier, are terminated by the Supreme Court 
finding the patent to have been invalid, with the 
possible exception of one claim, which is referred 
back to the lower Court for further consideration. 
During the interval all the dramatis persone have 
passed away. 


Fleming’s Diode Patent declared Invalid 


We turn now to the other patent entitled 
“Instrument for converting alternating electric 
currents into continuous currents,” applied for on 
April 15, 1905, and granted on November 7, 1905, 
to the Marconi Company as assignee of Fleming. 

“ Knowledge disclosed by publication by 
patentee Fleming more than two years before he 
filed his application is a bar to any claim for a 
patent for an invention embodying the published 
disclosure.” The patent was “ rendered invalid 
by an improper disclaimer.” “The invalidity of 
claim 1 would defeat the entire patent unless the 
invalid portion had been claimed through inad- 
vertence, accident, or mistake, and without any 
fraudulent or deceptive intention, and was also 
disclaimed without unreasonable neglect or delay. 
... We think that the Court below was correct 
in holding that the Fleming patent was invalid 
because Fleming’s claim for more than he had 
invented was not inadvertent, and his delay in 
making the disclaimer was unreasonable.” 

“ Claim 37 describes the tube as being used in 
a system of wireless telegraphy employing oscilla- 
tions of high. frequency. No such limitation was 
placed on claim I as originally claimed, and the 
specifications already quoted plainly contemplated 
the use of the claimed device with low as well as 
high frequency currents. This distinction was 
eliminated by a disclaimer filed by the Marconi 
Company November 17, 1915 [i.e. ten years after 
the granting of the patent] restricting-the combina- 
tion of the elements of claim 1 to a use in connec- 
tion with high frequency alternating électric 
currents or electric oscillations of the order 
employed in Hertzian wave transmission.” 

““Fleming’s paper of 1890 showed his own 
recognition that his claim of use of his patent for 
low frequency currents was anticipated by Edison 
and others. It taxes credulity to suppose, in the 
face of this publication, that Fleming’s claim for 
the use of the Edison tube with low frequency 
currents was made through inadvertence, accident 
or mistake, which is prerequisite to a lawful dis- 
No explanation or excuse is forthcoming 
for his claim of invention of a device which he had 
so often demonstrated to be old in the art, and 
which he had specifically and consistently attri- 
buted to Edison. Nor is any explanation offered 
for the delay of the patentee—the Marconi Com- 
pany—in waiting ten years to disclaim the use of 
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the device with low frequency currents and to 
restrict it to a use with high frequency Hertzian 
waves which Edison had plainly foreshadowed but 
not claimed. For ten years the Fleming patent 
was held out to the public as a monopoly of all its 
claimed features. That was too long in the 
absence of any explanation or excuse for the delay, 
and hence in this case was long enough to invalidate 
the patent... . This improper claim for something 
not the invention of the patentee rendered the 
whole patent invalid unless saved by a timely 
disclaimer which was not made.” 

Hence this celebrated Fleming patent of 1905, 
which the Marconi Company applied unsuccessfully 
to have extended on its expiry in Ig1Q, is now held 
by the Supreme Court of the United States to have 
been entirely invalid. 

This finding in the Fleming valve case appears 
to have been unanimous, but in the Marconi case 
three of the judges, dissented in part, their main 
contention being that Marconi really discovered 
something that “ had eluded the best brains of the 
time working on the problem of wireless com- 
munication.” One of the three said “ Because a 
judge of unusual capacity for understanding. 
scientific matters is, by a process of intricate 
ratiocination, able to demonstrate that anyone 
could have drawn precisely the inferences, that 
Marconi drew and that Stone hinted at them on 
paper, the court finds that Marconi’s patent was 
invalid, although nobody except Marconi did in 
fact draw the right inferences that were embodied 
into a workable boon for mankind. For me it 
speaks volumes that it should have taken forty 
years to reveal the fatal bearing of Stone’s relation 
to Marconi’s achievement by a retrospective 
reading of his application to mean this rather than 
that. This is for me, and I say it with much 
diffidence, too easy a transition from what was not 
to what became.”’ 

The same judge animadverted in the following 
terms upon the administration of the patent law. 
“The training of Anglo-American judges ill fits 
them to discharge the duties cast upon them by 
patent legislation. The scientific attainments of 
a Lord Moulton are perhaps unique in the annals 
of the English-speaking judiciary. However, so 
long as Congress, for the purposes of patentability, 
makes the determination of originality a judicial 
function, judges must overcome their scientific 
incompetence as best they can. But consciousness 
of their limitations should.make them vigilant 
against importing their own notions of the nature 
of the creative process into Congressional legisla- 
‘tion. . . . Above all, judges must avoid the subtle 
temptation of taking scientific phenomena out of 
their conternporaneous setting and reading them 
with a retrospective eye.” 


“To find in 1943 that what Marconi did really 
did not promote the progress of science because it 
had been anticipated is more than a mirage of 
hindsight.” 

This judge appears here to confuse the issue. 
The Supreme Court was not concerned with what 
Marconi did—that is beyond question—but with 
the degree of originality of an invention. 

His concluding statement is worthy of note. 
“I have little doubt, in so far as I am entitled to 
express an opinion, that the vast transforming 
forces of technology have rendered obsolete much 
in our patent law .. . but whatever revamping our 
patent laws may need, it is the business of Congress 
to do the revamping. We have neither consti- 
tutional authority nor scientific competence for 
the task.” 

We cannot help wondering whether a niore 
suitable title for this brief review of the judgment 
of the Supreme Court would not have been “‘ Alice 
in Patent Land.” G. W70. JH. 


Variable-mu or Variable-u? 


ITH further reference to this question, our attention 
has been drawn to the Paper* in which Ballantine 
and Snow first described the invention of this special 
type of valve. The paper is entitled “ Reduction of Dis- 
tortion and Cross-talk in Radio Receivers by Means of 
Variable-mu Tetrodes.” Although the symbol u never 
occurs in the paper, and the discussion and diagrams 
are concerned mainly with the shaping of the 7, — v, 
characteristic, i.e, with the variation of the mutual 
conductance with grid bias, there is little doubt that they 
used the term variable-mu as meaning variable-y. This 
is confirmed by the reference on p. 2122 to the mu-factor 
which they say “ decreases continuously as the grid 
bias increases negatively.” 

Still further confirmation is obtained from another 
paper read by Ballantine and Cobbt about a year earlier, 
on “ The Output Characteristics of the Pentode,” where, 
under the heading “Triode with Constant Mu,” we 
read ‘ It will be useful to note here, for future reference, 
the form taken by (13) in the case of a triode satisfying 
the Langmuir—van der Bijl relation de,/de, (i, const) = 
p = constant.” Hence constant-mu means constant u 
and, presumably, variable-mu would mean. variable-pz. 

This is supported by the fact that they rarely use the 


‘term “ mutual conductance,” preferring the alternative 


“ transconductance.” In the earlier paper there are some 
notes on nomenclature in which they actually deprecate 


‘the use of the former term. The significance of the “ mu ” 


appears to have undergone a change in crossing the 
Atlantic. 

It is fortunate that the object of designing a valve with 
a variable mu (mutual conductance) is to endow it with 
a variable » (amplification factor), so that either 
interpretation is equally applicable to the valve, although 
a student of the Admiralty Handbook would tell you 
that the object was to endow the valve with a variable m. 


G. W.O. H. 


* Proc. I.R.E., Vol. 18, 1930; p. 2102. t Ibid., P. 450. 
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1. Introduction 


THE earliest time-base circuit used in tele- 
vision and cathode-ray tube technique 
consisted essentially of a condenser charging 

through a resistance from a high potential source 
of supply. At intervals determined either ex- 
ternally or by the circuit itself the condenser 
would be quickly discharged and the process 
would recommence. Thus a saw-tooth wave 
‘would be produced with a.gradual rise followed 
by a rapid fall of voltage. 

The voltage output of such a circuit does not 
increase linearly with time but obeys an ex- 
ponential law. Consequently when it is applied 
to the horizontally deflecting plates of a cathode- 
ray tube, the spot moves more rapidly at the 
beginning of the trace than at the end, and thus 
the picture or signal is distorted. 

Numerous circuits of varying degrees of com- 
plexity have been devised to correct the ex- 
ponential output of such a time base, and to make 
it a linear function of time. Such circuits are 
generally known as “ linearity circuits ” and in 


this paper an attempt has been made to discuss. 


the theory of their operation and to determine 
their limitations. 

Two lines of attack are employed in the in- 
vestigation. In the first place certain actual or 
possible circuits are analysed and found to be 
incapable of producing perfect correction, though 
sufficiently satisfactory for many practical pur- 
poses. Secondly, an enquiry is made into the 
types of circuit which would be capable of pro- 
ducing perfectly linear voltages. . 

In attempting to apply any of the results ob- 
‘tained to practical cases, the following points 
should be noticed :— 


* MS. accepted by the Editor, January, 1944. 
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(a) Except where. otherwise stated it is assumed 
that any valves act as linear amplifiers. 

(b) It is assumed that there is no load on the 
linearity circuit, e.g. that it is working into a 
valve with zero admittance. 

(c) It is not always desirable for a time base to 
have a linear output : what is more often required 
is a controllable degree of non-linearity to com- 
pensate for distortion in subsequent stages. That, 
rather than the production of perfect linearity, 
is the purpose of some of the circuits dealt with 
in this paper. 

The discussion is confined to voltage (electro- 
static) time bases. Current (electromagnetic) time 
bases are not considered, but under suitable con- 
ditions low impedance valves may be driven by 
some of these corrected voltage time bases to 
produce currents for electromagnetic deflection. 
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3. Integrating and Differentiating Circuits 


3.1.—Fig 1 shows the simplest possible form of 
E is a source of high potential and S 
is some electronic switching 
device such as a gas-filled 
triode or hard-valve trigger 
circuit. Although the de- 
velopment of the equations 
in this section will be found 
in any textbook -dealing 
with transient phenomena, 
it is given here for com- 
pleteness and because it is 
a particularly simple example of the cases dealt 
with later. 

The driving voltage E equals the voltages 
across the resistance and the condenser, i.e. 


I 
(Dyes R E 
iR + T f í dt 
. Differentiating to remove the integral 
i. di 
T’ + R a =0 
di I 


Fig. 1. 


(3-1) 
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Integrating, 
7 t 
log 1t = — CR + k 


When ¢t = 0, k = log iọ where tiẹ is the initial 
current at the moment when the condenser starts 
to charge. This is obviously E/R since at 1 = o 
there is no charge on the condenser and the full 
voltage E appears across R. 

: t E 
i logi=—Ept 8 R 
t 


loar LA 
8 pm CR 


-LE 

or i= pe oe | (3.2) 

To determine the voltage V, across the con- 

denser at any time it is only necessary to return 
to Eq. (3.1) from which 


V. =E—iR 
=E —Ee ® 


kaltea az ) (3.3) 

When i and V, are plotted they give the familiar 
curves in Fig. 2. The shape of the curves depends 
on the product CR 
which is known as the 
“time constant” of 


the circuit. The 
smaller CR is, the more 
rapidly the circuit 


reaches its final steady 
state. 

Even without mathe- 
matics it is obvious that the voltage on the 
condenser must follow an exponential law. As 
the condenser charges, the net driving voltage 
across R decreases and hence the current in the 
circuit decreases. But the voltage on the con- 
denser is proportional to the integral of current 
and hence we have a quantity proportional to its 
own rate of change. 

This is the condition which gives rise to an 
exponential law, whether it be in the case of a 
cooling body (whose rate of fall of temperature is 
proportional to its temperature relative to its 
surroundings) or continuous compound interest, 
where a sum of money is growing at a rate pro- 
portional to itself. 

Clearly the only way to prevent an exponential 
output is to ensure by some means that the charging 
current is not proportional to the driving voltage 


Fig. 2. 


across R but ‘remains constant. AL dt then 


equals + and a linear rise is obtained. 
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Alternatively the exponential rise may be 
tolerated and an attempt made to remove it in 
subsequent circuits. If the charging voltage is 


E E E 
t— t— t—> 
(a) (b) (c) 
Fig. 3. 


very large and the output required is only a small 
fraction of it, the departure from linearity is 
small enough to be ignored for many practical 
purposes. This procedure is sometimes adopted 
in oscilloscope circuits where high voltages are 
already available in the C.R.T. supplies. Circuits 
have also been devised in which fairly low H.T. 
voltages can be made to behave as very -high 
potential sources by means of negative feedback 
arrangements. (See Section Io.) 

3.2. The series condenser-resistance circuit 
with the output taken across the condenser is 
known as an integrating circuit since the voltage 
developed, if sufficiently small, is the approximate 
integral of the input voltage with respect to time. 
This follows from the condenser’s ability to store 
charges and will be clear if we consider the case 
of a square wave applied to the circuit. (Fig. 3a.) 

The output is approximately triangular (b), 


E 


Big. 4- 


aa the result of integrating 
a constant voltage with 
respect to time. 

If the output is taken 
across the resistance the 
circuit is said to be a 
differentiating one. The 
differential of a square 
wave consists of alter- 

nating “ spikes ” of amplitudes plus and minus 
infinity for a theoretically perfect wave with an 
B 
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instantaneously changing front. In practice pulses 

with exponential trailing edges (c) are obtained. 
The terms differentiating and integrating are 

used as convenient labels 


u A a to distinguish between 

) a the two types of circuits, 
ERa even when the values 
RtRg z involved are such that 
P e the outputs do not ap- 


proximate to the theo- 
retical triangular waves or narrow spikes. ~iaj 


4. The Simple Time Base 


In practice integrating circuits are used as in 
Fig. 4 for the production of time bases. In case 
(a) a gas-filled triode acts as a switch discharging 
the condenser when the voltage across it has 
reached a certain value? or on the arrival of a 
synchronising pulse. The circuit corresponds ex- 
actly with Fig. 1, for the gas-filled triode may be 
assumed to have an infinite resistance when non- 
ionised and zero resistance when struck. 

In (b) the integrating circuit is connected to the 
anode of a valve into which is fed a square wave 
or a series of negative pulses sufficient to drive 
the valve to cut-off. Again the valve may be 


E 


Ri 
uTPUT 


Fig.’ 6. 


considered as acting as a switch. When it is 
conducting the ‘voltage across the circuit will be 
a 
R 1 sT R, 
valve. When the valve is cut off by’ the sudden 
application of the negative wave the condenser will 
start to charge up towards the line voltage E thus 
producing a triangular output. 

There is no need to employ two resistances as 
in Fig. 4 (b), since the anode load of the valve 
will complete the integrating circuit—Fig. 4 (c). 

When the valve is conducting C will be charged 


where R, is the D.C. resistance of the 


ER 
up to RFR, volts which will be nearly zero if 


R is large and, as is usually the case, the valvevis 


conducting heavily. When the valve is cut off C 
charges up towards E and the output is a saw- 
Sex: ER, : 
tooth between the limits £ and RTR (Fig. 5). 
Whether or not the voltage across C reaches E 
depends on the duration of the negative wave 
and the time constant of the circuit. It will be 
noted that as Ra < R the condenser voltage falls 
back t ER 
ek to g7 R, 
on discharging is much shorter than on charging. 


very quickly : the time constant 


Figa7: 


For many purposes the valve may be regarded 
as a pulse or square wave generator of output E 
driving the integrating circuit and this conception 
will be used in subsequent analyses. 


5. Auxiliary Circuits—Analysis 


5.1. A large number of attempts have been 
made to linearise the output voltage by auxiliary 
integrating or differentiating circuits and some 
of the simpler possible arrangements will now be 
considered. These are not all cases which will 
necessarily be of practical use but they will serve 
to demonstrate what happens in the more com- 
plicated arrangements. 

Regarding the valve in Fig. 6 as a switch with 
zero D.C: resistance when conducting we may 
redraw the circuits as shown in Fig. 7 where E 
is a square wave or pulse generator suddenly 
applying a voltage E ‘to the circuit at time ¢ = 0. 
If the D.C. resistance of the valve when con-. 
ducting is R,, and not 


zero as assumed, the form R 
of the derived equations iti, 
is not affected. The only Cı 
alteration is that E must gç idc 
ER i 


be replaced by FIRS 


5.2. Both circuits may 
be represented as drawn 
in Fig. 8. 


We have E=(+i)R+2 f tau Ra, 
1 


Fig. 8. 


(5.1) 
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z | iat 3 ce [iat Jey (5.2) -5 cen e 
i a G0 = AR Ay — àa) 
os di, To find (z), we need merely note that at ¢ = o 
RG, TR #2 I4 De dt OE) the full voltage E appears across R since C is 
I Ka ‘uncharged. Hence 
a 4; +R.. (5.4) Dy rigid E 
C ĉi 1 l dt Oo + C) =} 
From (5.4) l 5 
di C diss ai, .but (2;)) = 0 and hence (2), =} and 
dt C, dt 1 dt E 
Substituting in (5.3) : CR = ARs — 2) 
RC dt, ay = A E 
CRR R— +R a= a 
TR dt + 1 di T tt lat +2 o A CRR,(A, — Az) 
: j Hence 
cm (4 m) fi tn E 
ig C dt li => n (e — e") (5.9) 
, di I r \di I CRRA, — Ay) 
di CR CR, CIR, R, a CRC,R, R, = 5.4. etore considering the type of output 
l .. (5-5) voltage that will be produced by this current it is 


This is a linear second order differential equa- 
tion of the form :— 


- -+ pa + c,=0 
The solution 2 such an equation is 
1, = Ae + Bert ; (5.6) 
where A and B are constants determined by the 
initial circuit conditions and 


OF VF ic 
ian ee Sa 
=u VPS 
a b — Vb? — 4c 


2 
In the particular case where A, =A, =A the 
solution reduces to 
i, = (A + Bije" ! 
5.3. The case where A, + A, will be considered 
first. Since the general solution 
1, = Ae + Be 
must be true for all values of time it will be true 
when ¢ = 0. _ 
Then (i)o = 4 +B 
But when ¢ = 0 there can be no current flowing 
in the C,R, branch as there is no voltage across 
C. Hence (i)o =0 and A = — B. 
i, = A (e^! — eò) (5-8) 
To determine A, we use eqn. (5.4) from which 
we note that 


zi = Ee — es) + AR, (Aye — area) 


(5.7): 


necessary to investigate the nature of A, and Aj. 
They must clearly be negative but they may be 
unreal. 

This would be the case if 4c > 02. 


The T I T 
ore, > (Crt oR, to, 
4 CRC,R,>(CR + C,R, + C,R)? 
Putting CR = T and C,R, =T, 
i a sr + CR 
GGG, a Se T FCR + 26,.RE +T,) 
oO (rye Cer CRITE T,) 


As all the terms on the right-hand side must be 
positive, this is impossible and hence b? > 4c. 
Thus A, and A, are real negative quantities and 
in addition the case A, = A, cannot arise, since 
b2 would then equal 4c. The solution 
i, = (A + Bie 
need not therefore be considered. 

5.5. As t, in Fig. 8 has been determined we can 
now consider the type of output voltage it will 
produce. Taking case (a) of Fig. 7 first the 
voltage produced is 


. F : 
v =i, Ry +e (idt 
= AR, (at — &) +o Fi (Mt — e) dt 


A 
Ci MA 


=A(R,+ ee G. 


=AR, (et —e ^) + = I pM atk 


a(Ret iek 
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When ¢ = œ the exponential terms will have 
vanished and K must therefore be equal to the 
final output voltage, which is E. Thus the output 
of the circuit is 


= (RCA t1) ae (RiCvretI) 4, 
v=E+4 EN, € A 


Cy, 


= E+ Ale iie (5.10) 


where A’ and A” are constants such that 
E ob AG = Aa 
5.6. Case (b) of Fig. 7 gives a very similar 
result. Here 
Tp 
Y =g fà at 
Fe Ay A,t 
=o | « — eò') dt 
A S EN 
-a ae 
where as before K = E. 
—_ A Àt A Àzt 
v=E+ a. = Ji -© (5-11) 


which is of the same form as eqn. (5.10). 

5.7. The voltages defined by eqns. (5.10) and 
(5.11) are not simple exponential functions but are 
the results of combining exponential curves of 
different time constants and initial amplitudes. 

Examples of such composite functions are shown 
in Fig. 9. By varying A’, A”, A, and A, the output 
voltage may reach its final value E by an infinite 
number of routes. 

It can be readily shown that no combination 
of the constants can produce a linear rise. The 
proof is as follows. 

5.8. Ifa linear rise is to be produced it is neces- 
sary to satisfy the equation 

Ae* + Be = kt 

Expanding 


A(t + at-+ a + Adobe ) 


242 343 
+ Ba++ A vot ) =k 


Equating coefficients 
A+B=0 
Aa + Bb=k 
Aa + Bb? =o 
This can only be true if A = —B, a =b, in 
which case the original function vanishes com- 
pletely, giving us the helpful result that a linear 
output can be obtained only if it is infinitely small. 
Nevertheless the presence of an auxiliary circuit 


may produce a slight improvement in linearity 
at the beginning of the voltage rise, as shown in 


Fig. 9 where the dotted lines indicate the shape 
of the exponential curves which would rise to 
70% of the final voltage in the same time as the 
composite function. 

Thus by varying C, and R, the linearity of the 
output may be controlled to a certain extent. The 
degree of control depends in a complex manner on 
the circuit parameters and the duration of the 
applied square wave. 

It is not profitable to carry the general analysis 
further than this and to attempt to find values 

of C, and R, which give the 
“ most linear” rise as they will 
vary with the amplitude of 
output required. However 
EOR much the initial slope of the 
curve be altered, it is bound 
eventually to make an asymp- 


N 


EE E: 


-03t 


eE E 


o 2 4 6 8 -< 10, 


totic approach to E and so will have to depart 
from the linear condition. 
6. Auxiliary Circuits—Further Analysis 


6.1. A slightly different type of circuit may be 
constructed in which the integrating circuit 
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precedes the valve and the correcting circuit 
follows it, as shown in Fig. ro. 

This differs from the cases in Fig. 6 because the 
two circuits are isolated from each other by the 
valve and so can be considered independently. 


(a) 


Fig. 10. 


The valve and integrating circuit can be regarded 
as an exponential wave generator driving the 
correcting circuit and the usual valve equivalent 
circuit (Fig. rr) can be employed. A further 
simplification can be obtained by the use of 
Thévenin’s Theorem* which results in the circuits 
shown in Fig. 12. 

vZ ; R,Z 
ZFR, and R R 
Now v and hence e is an exponential wave and 
we may write 


e = E(t — ~) 


Here, e = 


where A= as 
Then 


CR 


e =i(R, +R) + ¢ | iat 


E(t — e) =i(R, + R’) + zj: dt 


(a) 
Fig. 11. 
Differentiating, 
di 14 
Exe = (R+ R) + 
( 1 IT GS 
di it Ede 


(6.1) 


A R TRG RAR 


* Often so-called but originally due to Helmholtz.—Ep. 


This is a linear first order differential equation of 
the form 


di JE 
aT ai =b . fit) 


and may be solved by multiplying by an integrating 
factor, which in this case is e* 


di : 
et + eai = beet 
dt 


d (ies) = bee 


dt 
idosueh f eon di 
a b eon 4K 
<} E ki 
‘mae + Ke 


To determine K we put i =i) when ¢ =o and 
thus 

b 

ie = ey + K 


a 
But 7, is zero since when 


t =o, the driving volt- 
age e is also zero. 


CH2 a 


Thus we have 


L= 
a 


(6.2) 


ZES a a 
C, (Ry + R’) -RAR 
The output voltage e, is given by 
i fe h 
R; 1 + on f 1 dt 
in case (a) and by 


ite libr 
oe I i dt 
in case (b). 
Considering eqn. (6.3) first we have 
bR, 


= —M __ ¢—at rt b -M -f —at ] 
4-56 € TNC gh ic dt— | e Wr 

E b —Ài —at I I -Mİ zZ —at 

= [Rt 7 AS? ra )|+« 

= K + A’e*+ A” e (6.5) 


Eqn. (6.4) gives a precisely similar result on 
integration: both functions are of the type 
discussed in Sections 5.6 and 5.7 and the same 


where a = 


(6.3) 


(6.4) 
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conclusions apply to them. The auxiliary circuits 
can vary and to some extent improve the linearity 
of the output, but cannot completely correct the 
charging characteristic of the original integrating 
circuit. 


6.2. In all the above cases no account has been 
taken of the steady charge which will accumulate 
on C. This is a constant term which will dis- 
appear when the initial circuit equations are 
differentiated and so does not affect the form of 
the solution. 


7. Auxiliary Circuits—Conclusions 


7.1. The above discussions can be generalised 
to cover all possible correcting circuits using valves 
acting purely as linear amplifiers and working into 
condenser-resistance networks. Once an exponential 
wave had been produced any subsequent linear 
circuits can only differentiate or integrate it—and the 
differential or integral of an exponential function is 
still exponential. 


7.2. Similar arguments apply when the circuit 
contains inductances, as in the case of Blumlein’s 
time-base in which the condenser is charged 
through a resistance and inductance in series. The 
. inductance limits the initial charging current and 
so the voltage across the condenser is nearly linear 
with respect to time, being actually the rising front 
of a damped sine wave. It is clear that no finite 
number of inductances can be combined in any 
linear circuit to produce a perfect sawtooth. 


Each LC circuit would contribute its characteristic. 


frequency, but the linear sawtooth requires an 
infinite number of frequencies for its production. 


8. Valves in Linearity Circuits 


A number of important circuits have been 
devised in which valves are used to improve the 
linearity of the time base. The valve may be 
used for three purposes— 


(a) as a constant-current device 
(b) to provide negative feedback 
(c) as a non-linear amplifier. 


In cases (a) and (b) the valve may also be regarded 
as acting as a non-linear device by behaving, for 
example, as a non-ohmic resistance. 


9. Constant-Current Devices 


One of the most important cases is that of the 
constant-current pentode which may be used to 
replace the resistance through which the condenser 
charges (Fig. 13). If the voltage across the 
pentode is not allowed to fall below “A” the 
current remains substantially constant and the 


condenser may charge up to 80-90 per cent. of the 
supply voltage before non-linearity becomes notice- 
able. The pentode behaves as though it has a very 
high A.C. or slope resistance— eee —while its D.C. 
or static resistance, V,/I,, is relatively “small} and 
so it passes a considerable current. 


A 
V, 
(b) s 
Fig. 13. 


Results may be still further improved by thejuse 
of a cathode resistance to produce negative feed- 
back. Feedback is also employed in Bedford’s 
circuit (see Section I1). 


10. Cathode-Follower Time Base 


The cathode-follower time base (Fig. 14) uses 
negative feedback to produce constant current 
operation with an ordinary triode. In a cathode- 
follower a negative sig- 
nal produces a slightly 
smaller negative output, 
a positive signal a slightly 
smaller positive output. 
Thus the potential differ- 
ence between grid and 
cathode -is almost con- 
stant whatever excur- 
sions the two electrodes 
make. Accordingly in 
the ‘circuit of Fig. 14 a 
nearly constant current 
must flow through R, and hence C must charge up 
at a linear rate. 

The general] circuits equations are: 


Fig. 14. 


V, =E — iR (10.1) 
ERA R) nR F Z | iat .. (10.2) 
oe E, SF WY, 
la SKER, (10.3) 
From (10.1) and (10.3) 
_E, + pE — pik 
a Ra + id (10.4) 
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From (10:2) i 
Eho aA 
(RER) g Pumie | 
di pRR, di Ba 
ager Re Fia arc ii 


Pare G+ 1 
This is of the form 
ai 
oa" em 
which has the solution [see equation (3.2)} 
ix=leu 
To find Z put ¢ = 0. Then from (10.2) and (10.4), 
if the initial value of 1 is tọ, 
E = io (R+ Ry) — ta Ry 
; E, + pE — pio R 
ío (R + R) — (E R) =E 


A RR E E 
(Rt Rt Ree) Et RRR 
ig [(R + Ry) (Ra + Ry) + oRR,] 

SE (Ry + Ry) + Ry (Ey + gE) 

E (Ry +R) + R Ext pE) ~ 

(R +R, (Rat R) + uRR, “ 


i= 


.. (10.5) 
(R + Ry) (Ro + Ri) + “RR, 


where a = R. T 


This somewhat ‘unwieldy expression. may be 


simplified for the case when R, = Ra 
Then 
_2ER, + R, (E, + pE) -5 
"EaR (AHAD eae 
2E + E, + BE | sa 
~2(R+R,) +R“ 


where a has now reduced to R + R, +‘pR/2 


Now the output.of the time base. circuit is the 


voltage across C which isa f idt 
O Y E + pEj2 + Be fhai 


~ C° R+ R, + pR/2 
= TE e E eee ae 
2 2 
When ¢ = 0 this expression equals zero. 
Hence K=E Pa 
voltage +e 
E, 
(e+# a Bay E Da — e “) 


and the output 


(10.6) 
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Comparing this result with eqn. (3.3) it will be 
seen that the condenser appears to be charging 
from a source of e.m.f. E’+ pE/2 + E,/2. As p 
may be very high, the effective charging voltage 
can thus be several hundred times E. 


11. Bedford’s Circuit. 


11.1. Bedford'has designed a useful circuit in 
which a variable degree of linearity may be 
obtained by feedback. The charging pentode V, 
has its cathode connected to a tapping A on the 
cathode resistance of the amplifying valve V,. 
As the voltage at the anode of V, falls, so will that 
at the grid of V, and hence at A. Thus the 
voltage across the pentode tends to remain 
constant, producing an improvement in linearity. 
By varying the position of A, the output voltage 
may be made to follow an infinite variety of curves 
and nonlinearity of any subsequent stages may be 
corrected. 

It might be thought that by a proper choice of 
resistances and tapping points perfect linearity 
could be obtained, but as will be shown in the 
following analysis, this is not the case. 


(a) 


Fig. 15. 


The circuit has been redrawn in Fig. r5 (b) 
with the pentode V, regarded as a simple resistance. 
If the time constant of the coupling circuit is long 
compared with the repetition period the condenser 
C, may be regarded as carrying a constant voltage 
equal to that of the supply. 

The circuit equations are then 


“FREE, oR, 2, 
(ri.1) 
iR —1,R,+E+V, (11.2) 
z [iat + iR+(+i)Ry=E `.. (11.3) 
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From (11.1) 
A Can a EAV, 


From (11.2) 


a. ek) 
1=E aR 


smali, 


From (11.3) 
1 Radi 
Cae 


(R+R 


di, 


Ri G+ e=0 


t 
2) + 


(uR, + Zi) di, 


di, 
Se at" a 


2 dt 
= Ri +Z; _ 
+ Rt > uCR 1g=0 


A 
[C (R + Ry) (uR, + Zi) + CRR] S 


+ (wR, + Z,)i= E(t —p) (11.4) 
This is of the form 
di, 
ot Neale (11.5) 


For 1, to be a linear function of time equation 
(11.5) must reduce to 


dia 
a- =e 
Hence b = pR, + Z, =0 
Z, 
or T Ri 


This condition is not physically realisable as it 
implies that a negative signal on the grid increases 
the anode current. The meaning of the solution 
is as follows. 


Since 74, = Sipit the voltage across R, is 
1 
, ss = pVR 
aR = + Z, 
= 
= vra — V, 


if the above Ihypothetical condition were possible. 
Thus 


1,R,+V,= = = a constant. 
1 
But 7,R, + V, is the voltage across R, so this 
is*the condition for a constant charging current. 


11.2. [Ít is 'also instructive to consider the 
circuit, by the [familiar reductio ad absurdum 


method of Euclid. Let us suppose that a perfectly 
linear output is being produced by the triode. 
Then V, and i, must both be linear with respect 
to time. Hence the voltage across R must be 
linear and so must be the current 7 through it 
which is charging C. The voltage across the con- 
denser, which is obtained by integrating the 
current ¿ with respect to time, is therefore pro- 
portional to # and so is not linear but parabolic. 

We thus have three voltages Vo, Ve and Vro, 


. two of which are linear and one of which is para- 


bolic, adding up to a constant voltage E. This 
is obviously impossible except in the special and 


Ez» 


i 


(a) 


Fig. 16. 


practically unrealisable case discussed in Sec- 
tion II.I. 

In practice, since R is not an ohmic resistance 
but a constant current pentode contributing its 
share to the linearity of the circuit, an almost 
perfect sawtooth output can be obtained. The 
main disadvantage of the circuit is that it requires 
four valves, allowing for two in the switching 
circuit. 

We have seen that none of the circuits so far 
considered are capable, even in theory, of generat- 
ing perfectly linear outputs. We will now approach 
the problem from the reverse direction and, 
assuming that such outputs are available, will 
discuss the types of circuits that must have pro- 
duced them, with a view to seeing if any of them 
are physically realisable. 


12. Non-Linear Impedance 


A number of resistors employed in electrical 
engineering, such as “ Metrosil ” and other surge- 
arresting materials, do not obey Ohm’s Law except 
over small ranges but have non-linear current- 
voltage characteristics. This raises the question : 
what must be the characteristic of a resistance 
employed in an integrating circuit if it is to produce 
a linear output ? 

There are two possible simple circuit arrange- 
ments, series and parallel, as shown in Fig. 16. 
The requirements of both circuits are that the 
resistance Z vary with the voltage Ez across it 
in such a way that the current charging the con- 
denser remains constant. We will assume that the 
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value of the resistance is Zz when the voltage 
across it is Ez. 

In case (a) the resistance of Z must obviously 
be directly proportional to the voltage across it, 
since it is required to pass a constant current. A 
resistance obeying the law Zz = kEz, even over a 
limited range, does not seem very likely to be 
realised in practice. The commercial non-linear 
resistors obey laws of the form Zz = kEz,~* and 
only depart from linearity at fairly high voltages. 
However, it would be rash to assume that no 
substance could be found to obey this direct 
proportionality law over a voltage range which 
would make it useful for commercial television 
purposes. 

In case (b) we have 


E=(I+1)R+izZy 
where J is a constant which must equal E/R, from 


a consideration of the initial conditions when there 
is no charge across the condenser. 


Thus 
WN 
Be ae 
E = (4+1) R + 12; 
R 
Whence 
ae Fig. 17. 


Although negative resistances independent of 
frequency may be realised in practice, for example 
in the case of the transitron, they require valve 
circuits, and it does not appear profitable to pursue 
the parallel circuit case any further. 


13. The Integrating Amplifier 


It has so far been assumed that the input to 
the integrating circuit is a constant voltage or a 
square wave. If, however, the input voltage is 
rising steadily at the correct rate, it may force a 
constant current through the circuit and so 
produce a perfectly triangular output across the 
condenser. 

The required input voltage may clearly be 
obtained by taking an ordinary integrating circuit 
driven by a square wave and feeding the output 
back into the circuit. The input may then be 
regarded as a square wave surmounted by a 
triangular wave. The square wave component 
will produce the constant current through the 
resistance and the triangular component will 
appear across the condenser. Clearly the theo- 
retical gain of the feedback loop should be unity. 

This is the principle of the integrating amplifier 
of Beale and Stansfield which consists of a two- 
stage amplifier with an integrating circuit between 
the stages (Fig. 18). 


Although it would appear that the circuit is 
liable to go into self-oscillation, according to 
Puckle there is no danger of this occurring in 
normal use owing to the fact that gain at low 
frequencies is reduced in the RC couplings between 


5°" 


» Fig. 18. 


the stages. With proper adjustment of the feed- 
back an. almost perfectly linear output may be 
obtained. 


14. The Logarithmic Amplifier 


14.1. We will conclude this paper by investigat- 
ing the case of the non-linear valve amplifier. It 
has already been mentioned that linearity circuits 
are usually employed to correct for distortion in 
subsequent stages so that the ultimate result on 
the face of the cathode-ray tube is a linear trace. 
Amplifying valves with curved characteristics may 
be deliberately used to produce a linear optput 
from an exponential input and the gain law of 
such a valve will now be considered. 


14.2. In the circuit 
of Fig. 19 e, is the in- 
put which is assumed 
to be of exponential 
form. The output volt- 
age V is assumed to be 
linear and the ampli- 
fication factor: p is 
therefore a function of 
é, which is to be de- 
termined. 


The circuit equations are 


Fig. 19. 


VER Ta = Z, say. 
e; = E(1 — e™*) 
u = $ (e,) 
V = kt 


where & and A are constants. 
Then kt = pe,Z, 
kt 


et A (14.1) 
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Now 1 —2=e~ 
a | a a 
* At = — log F lbe Boa 
I E 
5 i= i log 5 = (14.2) 
Hence from (14.1) 
pm es bog (14.3) 
AZ, s i: a, ~ 
Z 
Now S Hes 7 
Therefore from (14.3) 
k Bon 
ia = >78 F 7 (14.4) 


14.3. have been plotted 
against e,. Since eqn. (14. 3) becomes indetermi- 
nate when e, =O, we must write 


o kt s) 
p = sez bel ME. 


In Fig. 20 p and îi, 


=~ whene, =0 


This quantity has been .put equal to unity in 
drawing the curves in Fig. 20. 


Although the scales used in Fig. 20 are quite 
arbitrary, since the constants k, A, Z, Z,, and E 
may have any value, the required shape of the 
valve characteristic is clearly brought out. The 
ia — v, curve is very similar to that of the 
ordinary variable-mu or super-control valve. 

It would thus appear that by careful choice of 
the circuit constants a useful improvement in 
linearity might be obtained by employing a 
variable-mu amplifier or a valve with a similar 
logarithmic characteristic. . This use of a non- 
linear amplifier was suggested by Bedford and 
Stevens (British Patent 474623), and a similar 
idea has been used by Jenkins (see Puckle, p. 85). 

When television sets are mass-produced, it 
might be well worth while to design special valves 
for the amplification of exponental time-bases, 
if none of the existing types could be found with 
the required logarithmic characteristic. 


The Cathode Ray Oscillograph in Industry 


By W. Wilson, D.Sc., M.I.E.E. Published by Chapman 
& Hall, 11, Henrietta Street, London, W.C.2. Pp. 148: 
Figs. 156. Price 12s. 6d. 


The use of the oscillograph, first as a tool in electrical 
engineering laboratories, and later for more specialised 
work in a wide variety of industries, has been increasing 
rapidly in the past decade. This book sets out to describe 
in a practical style many of these applications for the 
benefit of those engaged in industries where problems, 
which the oscillograph can help to solve are encountered. 

The opening chapters are devoted to a description of 
two typical oscillographs, employing a glass cathode-ray 
tube and a continuously evacuated metal tube respectively, 
and to their accessory circuits. Time bases, which come 
under this heading, occupy less than eight pages, power 
units a page and a half, and amplifiers about the same 
space, so it is obvious that the treatment is not very full. 
After a chapter describing several typical commercial 
oscillographs, we come to the applications. 

These are dealt with in chapters in the following logical 
arrangement : tests requiring only single deflection read- 
ings; tests requiring two deflections at right angles 
(differential tests) ; tests requiring a repeating time base ; 
tests requiring a “single-sweep time base ; tests involving 
independent basés‘other than time; and tests in which 
one of the variables is mechanical pressure. 

The electron microscope is, as the author points out, a 


-cathode-ray tube with a highly developed focusing arrange- 


ment in which the image does not oscillate, and he therefore 
devotes an interesting chapter to it. 

The value of a four-page appendix on the characteristics 
of thermionic valves is doubtful, and the same remark 
applies to the few pages devoted to photo-cells, oscillators 
and piezo-crystals. Some reference to text-books on these 
subjects would be of greater use to those sufficiently 
interested to require the information. 

In general, however, the book is interesting and 
informative. It is well illustrated; and should be of 
considerable help to those, who have little knowledge of 
the capabilities of modern’ oscillographs. 

There is a slip of the pen on page 14, where it is stated 
that the focus of a soft tube can be adjusted by means of 
the anode temperature. W. E.M. 


June, 1944 


WIRELESS 
ENGINEER 


267 


DEFLECTED ELECTRON BEAMS* 


By J. H. Owen. Harries, A.M.ILE.E. 


(Electronics Department, Rediffusion Ltd., London) 


Introduction 


N electron beam valves there are only two 
possible methods of modulating the- beam. 
One is by changing the number of electrons 

travelling in the beam; and the other is. by 
accelerating or decelerating them. In the latter 
case, the acceleration or deceleration may be either 
in the direction of the initial velocity of the elec- 
trons, which method is generally referred to as 
“velocity modulation ” (Bibs. } >% > * 5), or it 
may be in another direction. If this latter direc- 
tion is transverse to the initial direction of the 
electrons in the beam, the: valve in which this 
method is used is usually referred to as a “ deflec- 
tion ” valve (Bibs. & * ©). 

This paper is concerned with the theory of these 

latter valves. 

The principal questions which are answered by 

this paper are as follows :— 


(a) What trajectories are described by the 
electrons when deflected by a transverse electric 
field ? 

(b) What is the amplitude and phase of. the 
deflection with respect to the deflecting voltage 


at any point inside, or outside, the deflecting 
field, at any given frequency ? 

(c) What power is required transversely to 
deflect a beam of given power-carrying capacity ; 
i.e. of any given value of the product of beam- 
current and beam voltage ? 

(d) What power output efficiency can be 
expected if (c) is taken into account? Has a 
deflection valve a low or a high input impedance 
at very high frequencies ? 

(e) Is it best in practice to apply the deflecting 
field along the whole length of the beam or along 
a part only ? 

It will be interesting at first to consider a 
purely theoretical case of transverse deflection 
which cannot be realised in practice ; but which, 
because of its simplicity, will assist in visualising 
the more complex practical problem. 


1. Deflection in an Infinitely Long Deflecting Field 


A theoretical deflecting system is postulated 
which has the following characteristics :— 

(a) Deflection plates of infinite extent in the 
x direction and of infinite width. — 


LIST OF PRINCIPAL SYMBOLS USED 


e = electronic. charge. 

m = mass Of an electron. 

E = deflection voltage. 

v, = the velocity in the transverse direction. 

V, = the velocity in the longitudinal direction. 

= the entering velocity. 

E, = the (anode) voltage accelerating the electrons to an 
initial velocity v,. 

ig = instantaneous value of the transverse displacement 


, current. 
J, = the maximum value of this current, 
t = the entrance time. 


t = the time. 

7 =} — i, = the transit time in the deflection field itself. 

Tọ = the transit time past one half period of sine shaped 
variation of electric field along the x axis. 

+ = length measured along an infinite transverse field. 

d = distance across the deflecting field = the distance 
between the deflecting plates. 

I, = electron beam current. 

= the transverse deflection of an electron. 

= the vector value of y. 


aS 


* MS. accepted by the Editor, March 1944. 


Y = the maximum value of the vector value. 

z IE +i x = the complex deflection coefficient. 

W = the power output. 

W,= the d.c. power input. 

W= the power used to deflect the beam. 

A = the wavelength in centimetres. 

f = the frequency. 

Q =the frequency dependent part of the expression for 
Ymax in a sine shaped field. 


ae E 
S = deflection sensitivity = —— 


Ymax AIE P 

¢ = deflection angle at the point of exit- from the 
defiection field. 

T = transit time through the “throw” of the beam 
from the deflection field to the point of measure- 
ment of deflection. 

Le = the total length of the electron beam from the 
entrance point to the point at which the deflection 
is measured outside the field. 


L length of a sine shaped deflection field. 

xX Shak 

ne = the ratio of deflection power to total beam power 
in the case of a valve having a “ throw ” L. 
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(b) The plates are spaced by a distance d in the 
y direction. 

(c) The system is maintained at a mean potential 
such that electrons entering on the x axis midway 
between the plates have an entering velocity of vo. 

(d) The plates oscillate in potential in “ push- 
pull ” fashion about a mean potential which is 
taken as the zero of the system. 

(e) No circuit or radiation losses are considered. 

(f) The effect of space charge on the longitudinal 
velocity is neglected. This is not a serious matter, 
for, unless the space current is so unworkably near 
the maximum space-charge saturated value as 
adversely to affect beam focus, calculation shows 
the variation of velocity to be a small matter 
compared with other necessary approximations. 

(g) Since the electrons enter at a point on the 
axis about which the system is symmetric, and 
which is of zero potential whatever the value of 
the deflection potential E, entrance fields need 
not be considered. 


The arrangement is shown in Fig. 1 


Consider an electron which enters the deflection 
field on the axis of symmetry ; then the electric 


intensity in the x direction is zero, and 
Di is zero ; but 
dt? 
dy _ eE 
im a 2 ~ (1) 
Let the instantaneous voltage vary as Ee 
dy eEe™ 
then ae = sie (1.1) 


Integrating between the limits of an entrance 
time /, and the time ź, the velocity of the electrons 
in the y direction at the time ¢ is 


dy eE 


= = = jwt ge jwt, 
qin -or e T TRO) 


It may be proved (by, for instance, the means 
suggested by Ramo 
(Bib. 15),) that the in- 


ENTRANCE 
POINT 20, tat 9 Yx BVO 


transverse Stantaneous displace- 
a Ne ~ FieLo Ejg 
t yac ae Fig. 1. Theoretical electron 
| beam deflection system 
Loe with infinitely long de~ 
ELECTRONS TO INFINITY flection plates 


ment current produced in a circuit connecting the 
two deflecting plates, due to one electron between 
them, is 


ia = 5% ‘ice’ ot gh te 


If there are N electrons entering between the 
plates per second, the beam current J, = Nev,. 
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The total instantaneous displacement current 
induced along a length / of field is 


s=t 


la =% fos CBE 


“al 
z=0 


But the beam current J, 
equation can be written 


s=! 


= Nev, and the above 


I 
g = an vc ax 
x=0 
but, in the case of the integrals used, 
z=1 t 
ves GS, othr 


Therefore 


To obtain an “ equivalent electrical circuit ” 
which specifies the theoretical performance of 
the electrons between the plates, one may proceed 
as follows :— 

Equation (3) may, from the above, be re- 
written as 


Tek ei 


= aie oO Ore (3-1) 
and 

I Toe wT =. 

Z, E TAT. {emer + jwre I} ps (4) 


where Z, = the equivalent impedance, 


Z. is a complex quantity varying in sign with the 
transit time r. 

Equation (4) may be written in terms af circular 
measure : 

I I I 

D k I fom = 

+ j(wr cos wr — sin wr)} (4.1) 

The function in brackets will be designated ®,. 
The real and imaginary parts are plotted in Fig. 2. 

To convert’ (4.1) to practical units, note that 


{wr sin wr + cos wr — I 


x 157 x 1 
Fou ®, becomes Lp et ©, in these units 
(mhos). 


Clearly, as one considers sections of the system 
from the entrance point to points x,, Xz, etc. 
(which equal 7,v,, Tg, etc.) the beam can be 
looked upon as a transverse current flow having a 
phase and magnitude which varies with x. At 
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the same time, the velocity of the electrons in 
the x direction remains constant and equal to 
the entrance velocity v,. Therefore the x- 


directed energy of the beam is not altered. Energy. 


is not withdrawn from the beam, therefore energy 
is not given to the deflection plate circuit. This 
is what could be anticipated for this theoretical 
case, because no effects of deflection circuit losses 
have been included in expressions (3) and (3.1) for 
transverse displacement current, and electron 
radiation losses have been ignored. 

Note that equations (4) and (4.1) do not mean that 
if the plates are terminated at x =l = 7v,, the 
valve input will represent a reactance ix and 

d 

a resistance I/Ra across the deflection plates. 
If the plates are terminated at a point x = /, then 
an exit part of the field is inferred which represents 
the return of the field to zero conditions outside 
the plates. It is, among other things, the neglect 
of such an end part of the field, and a confusion 
of thought about equation (4.1) (in looking upon 
1/Zz incorrectly as the impedance presented by 
the valve to an actual external deflection circuit), 
which caused errors in certain early analyses 
(Bibs. * 1% 1), The author has dealt with 
this question in greater detail in a recent com- 
m nication (Bib. }%). 


nja n J an Ian an 


wT 

Fig. 2. The frequency dependent part of the ex- 

pression’ for vector displacement of the electron 

beam in an infinitely long transverse field as a func- 
tion of the transit angle. 


Returning to the theoretical infinitely long 
field, with its loss-free deflection of the beam, it 
is important to examine the displacement of the 
electrons in the beam in the y dimension. 
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Referring again to equation (2), and integrating 
this with respect to t, and remembering that 
y =o when t =tť„ the following expression is 


Fig. 3. 


Tracks of electrons between infinitely long 
deflection plates as a function of the transit angle. 


arrived at for the displacement vector y of an 
electron at a time ¢ :— 

eE 

wdm 

Taking advantage of the useful property of «?® 

which causes the real part of this equation to be 
the result of successively integrating, 

dèy _ eE 


TE Fa wt 


the displacement of any one electron may be 
expressed, as a function of 7, by the real part of 
(5), thus ` 


fero au juste" a der} m (5) 


{cos wła — wr sin wta — cos (wt + wr)} 


(6) 
A plot of this equation against wr is the track 
of an -electron entering at a given entrance angle 
wty. A few typical tracks for different entrance 
angles are plotted in Fig. 3, and are of interest. 
(In reading this graph, remember that wi itself 
js a function of wr, because wt = wt, + wr). 
In practical units 


eE 1.76 X I0E 
wd wd i 
Returning to the rotating vector y of equation 


(5), it is of interest to find the relative phase and 
magnitude of the voltage and of the deflection. 


e KE 
“x w*dm 


becomes 
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(5) may be written 


XL cE 
~ wdm 
The desired information will be given by a study 
of a quantity such that if multiplied by the maxi- 
mum voltage it- will give the corresponding de- 
flection for a given value of the transit angle wr. 
Such a quantity is found as follows :- 
From (7) 
Y — 
E  wdm 
where Y = the maximum value of the deflection 
and 


{e= jore — I}. (7) 


{eo + jwreet — I} ,. (8) 


To ue T 
ETA 
1/Z may be called the deflection coefficient by 
analogy with the-deflection susceptance 1/Z,. 


Equation (8) may be written as 


e d 
1/Z = —— {wr sin wr + cos wr — I 
l an cs 


+ j(wr cos wr — sin w7)} (8.1) 

e 5.274 XIol7 . 

Note that ro becomes — yg P prac 
tical units. 


The bracketed part of 3 
already plotted in Fig. 2. 

The function therefore représents the dynamic, 
or frequency-dependent, performance of the 
system. 

If the plates are terminated at a certain point, 
and at this point the deflection is very small, and 
end-effects in the path of the beam are therefore 
negligible, we may derive equations applicable 
to the deflection of an electron beam in the 
ordinary cathode-ray oscilloscope at the point 
where the beam leaves the deflection plates. 

The tangent to the angle ¢ made by the beam, 
as it leaves the deflection field at a point x,, with 
the x axis of the system is 2 : 

The “sensitivity ” of the beam is proportional 
to this tangent at the point x, plus the actual 
displacement y at that point. 

Utilising equation (2) 


is the function ®, 


’ 


dy a eE 
m -2 ~Fomdu, aaa au) Q) 
which may be written 
tan ġ = dy = E {jet — jee} (ro) 
dx wmdv, 
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or in circular measure, utilising the propertie 
e1? again, 


tan ¢ = a 


amdi {sin (wta + wr) — sin wto (10-1) 
By the use of half-angles, equation (r0) may 
also be written 


aa {cos (wt, + =) sin a (10.2) 


The maximum value of tan ¢ is the maximum 
for this part of the “ sensitivity,” and the ex- 


tan ¢ = 


A ; , É wT 
préssion is at a maximum when cos (wto SF a 


= unity, 
2eE ae wT (rr) 
v,wmd 2 


From this the standard formula for ultra- 
dynamic sensitivity of a cathode ray oscilloscope 
may readily be obtained. Neglecting the very 
small deflection at x,, the deflection of the beam 
on a screen at a distance L from x,, is L tan mar 


tan dass = 


2. A Generalised Deflection Field Shape. 


_ I. Introduction.—The preceding analysis is 
simple, but does not correspond to physical 
reality, because there can be no such thing as a 
valve having an infinitely long deflecting field. 
Various authors have considered approximations 
to the field shapes at the end of a pair of deflection 
plates of finite length in a cathode ray oscilloscope 
(Bib. 1% 11); 

There can be no general case for the field ; 
because clearly there are an infinite number of 
different boundary conditions and electrode con- 
figurations which can be used. 

A useful method of attack, which has been 
utilised by the author in investigating certain 


physical problems of actual deflection valves, 


assumes that the field varies as a periodic function 
along the length of the deflecting „electrode, and 
that the field is terminated at one of the points 
where that, function is zero. “ End effects ” are 
then non-existent. Any shape of this function 
can be represented by the sum of sine and cosine 
functions in accordance with the principle of har- 
monic analysis. In practice, a pure sine function 
gives quite a reasonable approximation to many 
actual field shapes. / The effect of departures in 
practical apparatus.from this pure sine shape 
will be to alter the values of such quantities as 
transit times from those calculated; but the 
general physical effects are unaltered. For in- 
stance, deflecting fields are of particular interest 
when they are produced at very high frequencies 
inside resonant cavities. The vector field along 
the beam path in such a resonant cavity often 


p 
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approximates very closely to a sine function. 
Thus, in the case of a cubical resonant cavity, 
when oscillating at the “ fundamental” mode, 
the variations of intensity of the field across one 
dimension of the cube is a sine function. In the 
case of a circular disc shaped resonant cavity, 
the variation across a diameter is a Bessel function 
Jo (*) of zero order (Bib. ™ 15). For most 
purposes, this latter function may be looked upon 


Fig. 4 (left) A com- 
parison between a co- 
sine and a Bessel 
function J, (x) of zero 

order. 


Fig. 5 (below). A “ sine- 


Shaped” deflection 
field. 
BESSEL ` f 
Jo(x)or ZERO ORDER 
9 o 
S og ead 
= DISTANCE 


as a good approximation to a sine function (see 
comparison in Fig. 4). 

The present analysis is therefore concerned 
with the consideration of what may be called a 
“sine shaped field ” like that illustrated in Fig. 5, 
in which &: is the maximum instantaneous value 
of the transverse field, and x is the distance along 
the field in the initial direction of the electrons. 

It will be realised that since a field of this kind 
possesses curl, it cannot also possess scalar poten- 


tial. Nevertheless we may refer to a quantity 


d 
r 


exe 


~ 


which is the integral of the field in the y direction 
along the distance d across the deflecting field. In 
this paper this quantity will be referred to as’ the 
deflection voltage E. E will be evaluated at the 
maximum with respect to both time and distance 
along the x axis of the field. 

The following are the principal assumptions 
made :— 


(a) The system is supposed to be maintained 
at a mean potential such that electrons entering 
on the x axis midway between the plates have 
an entering velocity of vo = Vs. 

(b) The system oscillates in*potential in “ push- 
pull” fashion about a mean potential which is 
taken as zero. 

(c) The effect of space charge on the longi- 
tudinal velocity is neglected. 

(d) The width of the beam in the direction of 


deflection is small compared with the distance 


‘across the deflecting field. 


(e) The field is.terminated at a point where the 
function representing its variation along the x 
axis is zero. 

2. Deflection in a “sine shaped” field.—The 
transit time past one half period of field 
variation along the x axis of the field may be 
indicated by rọ. If ¢ — tọ = 7 = the transit time 
in the deflection field, then the variation of field 
along the x axis may be represented: by the 
Ee. ar 
ea 


The equation of motion becomes 
dty eE 


Te ams wt sin 7 T/To (12) 


Integrating between the limits’ of ż to ¢, and 


function : 


d 
remembering that Z = v, =0 when ¢ =¢,; and 


dt 
also expressing the time factors as angles. 
dy a e E {oe (wta + wr — r 7/75) 
di T» 2dmw I — n/wr, 
cos (why + wr + 77/75) } 
E rea, ir, — C cos wto 
(13) 


A further integration gives the deflection y at 
a time £ y is zero when ¢ = £o. 
Sa E (wto + wr — r 1/75) 
~ amdu®\ (xt — afar)? 
sin (wto + wr + 7 T/T) 
(I + 2/wr 9)? 


y 


— Cwr cos wt) — 2A sin wt, (14) 
In the above two equations 
ZT ad n? 
wT | wr,” 
an my and B= a8 
* at rel (4 aS 
2r 
which together with C = a 
I ———. 
wr? 


are factors common to relevant systems of equa- 
tions. A graph of A; B, and C is shown in Fig. 6. 
A tends to equal C, and B to equal unity, at large 
values of wry. f j 

The ratio r/r, = a is the distance travelled along 
the x axis in terms of half sine periods of field 
variation along that axis. 

Equation (14) shows the instantaneous deflection 
of a single electron. To find the maximum deflec- 
tion of the beam it is necessary to maximise (14) : 
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A beeen 4+ 
Ymax = z mdo? la — 1]wr,)4 


anges 
(1 + 2/w79) 


a + 44?) Cora — ~—g 


2cos27a 4A cos(wr,a—z7a) 


(I — a/wro)* 


sea) 
"ate 


p 44 cos (wrga + ma) 2Cwrya sin (wT —7a) 2Cw7 9a Sin (wra + mA) 


(1 + 7/70)? 


If the surd expression is: designated by Q, this 
equation becomes , ; 


eE 


2mdw? 


Ymar = (15.1) 


Remember that wr = w7 a. 


If y or Ymar are to be calculated using practical 
units, the term outside the brackets in (14) and 
outside the square root in (15) becomes 
8.8 x 10!4 E/dw? and E is then in volts. 

An important question is the relative phase of 
the deflection and of the deflection voltage. 

The method already exemplified in Section 1, 
equation (8) will be used. 

Equation (12) may be written in vector form as 

T. = eE fet) a eHot—no)} 


2mdj (6) 


27 sr 
800 900 


27 6T RaDians 
1,000 


an Shaa ar 
600 700 
TRANSIT ANGLE WT 


Fig. 6. Graph of functions A, B and C. 


Successive integration yields ‘for the vector 
displacement 


- eE i { Jete M je 
Y = mdo? (I + m/wro)? (I — m/w)? 
+ Ajea — aur Cowra} (17) 
The “deflection coefficient ” is a complex 
number : 


(1 — m/wrto)* 


IOO DEGREES 


A e “R 
Y St. R { je 54 =: yew 
E Z 2mdw?\(1+n/wt,)? (1 — rwr)? 
+ 2Aje™# — awr Ce" (18) 
Fig, 7.—A ty- 


pical graph of 
the real and 
imaginary 
parts of the de- 
flection coeffi- 
cient in a‘‘sine 
shaped” de- 
fiection field. 
a = 2h, 


WOT, 


The imaginary and real parts of (18) are respec- 
tively 


ix = Zali (cos wrga — cos ma) 
FF + 3C(awr, sin wron)} (18.1) 
J =< (A sin wrga — B sin 7a 
— C lawro COS aw) } (18.2) 


If E is in practical units the terms outside the 
brackets become, respectively, 
.1.76 X TOS 1.76 x I0 
J dw? dw? 


and 


The case when wry = 7. 


If the equation of motion (12) is integrated as 
it stands, and then the value wr, = m substituted 
the result becomes indefinite. This numerical 
difficulty may be overcome by making the sub- 
stitution before integration is performed. The 
real and imaginary parts of the deflection co- 
efficient are then 


La -e Í P an an , } 

oe ee r Lie sin arn 
and 

Be . E 


an. an? 
dee a sin ar + mat an} (14.1) 
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Fig. 7 shows a typical function of the real and 
imaginary parts of the deflection coefficient for a 
“ sine shaped ” field. The deflection is evaluated 
at a point 23 half-periods along the field in the 
x direction. 


3. Deductions from the above equations.—It 
will be observed that any desired relative phase 
between o and 27 may be arranged to exist between 
the instantaneous displacement of the beam, and 
the instantaneous value of the electric field, at 
any point along the path of the beam, because 
this phase angle is itself a function of the total 
transit angle awr, from the entrance point to the 
point where the phase is evaluated. 

Corresponding to any such phase angle there 
exists an infinite number of total transit angles. In 
an actual deflection valve, each transit angle refers, 
of course, to a given accelerating voltage £,, 
corresponding to a value of the initial velocity of 
the electrons. 

For example, if a = 4, a phase difference of m 
will exist between the deflection and the deflection 
voltage, at a point half-way along the first half- 
sine wave shape of deflection voltage, at an 
infinite number of different accelerating voltages. 
If the total length / of the deflection field is, for 
example, 7.6 centimetres, and the wavelength of 


INSTANTANEOUS 
FIELO 


BEAM 
PROFILE 


INSTANTANEOUS 
FIELO 


GEAM 
PROFILE 


Fig. 8. Examples of beam profiles and instantaneous 
points on the deflection field cycle. 


operation is ro centimetres, the accelerating: 
voltages will range from 41,000 volts downwards. 
Thus: 41,000, 9,600, 4,120, 2,325, 1,495, 1,035, 
750, 590, 456, 370, etc. 
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The values of these voltages will vary, of course, 
with the shape of the function of voltage along the 
x axis of the deflecting field. For any such shape 
there will, however, exist a choice of various 
voltages at which the same phase change may be 
obtained. Operation of the valve at one of these 
different accelerating voltages may be referred to 
as “ operating at the rst, 2nd, or 3rd, and so on; 
transit angles.” Thus, in the above example, the 
“first transit angle ” of the beam will be that 
produced by a potential of 41,000 volts, and the 
“second ” by a potential of 9,600 volts. 

Figs. 8 (a) and 8 (b) show respectively a ‘“‘cinemato- 
graph ” type of graph showing beam profiles for 
the first and second transit angles respectively in 
the case of the example above. It will be observed 
that, in this particular case, the deflection at the 
point where a = 3 is only slightly less for the 
second transit, angle than for the first. The 
“snaking ” of the beam at appreciable transit 
angles may be observed. 

4. Approximate Relationships.—It may be shown 
from ‘equations (18.1) and (18.2) that certain terms 
tend to zero when wr, becomes large. In these 
circumstances approximate formulae are obtain- 
able. For instance, at large values of transit angle, 


Q ~ 2(1 + az) (18.3) 


“ sine-shaped ” deflection field values at vdrious 


The deflection sensitivity is, from (15.1), 


so = oo: zak and from (18.3) this 


c 
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€ ; 
also tends to equal FEP (1 + az), which at first 


sight gives the impression that the deflection 
sensitivity can be increased indefinitely by increas- 
ing the number of half periods of deflection field 
along the length of the beam. This is indeed true 
if the field length /, is increased to do this; but, 
in practice, the total length of the beam is limited 
by such factors as those of “ electron optical” 
design and by space charge considerations. One 
can, of course, produce standing waves of deflec- 
tion field along its length, and may then look upon 
the relationship between a and a fixed value of /, 


al, 
= a=y 


eA, 2b 
4mdc*r a(x i +) eee 


Clearly, for a given construction and beam length, 
decreasing A (to increase a) will not help to improve 
the deflection sensitivity. Indeed, the contrary is 
the case. 


5. Power used to deflect the beam.—An electron 
leaving the boundary of a transverse field will have 
a transverse energy which is withdrawn from the 
field. The average rate of loss of energy is the 
deflection power used. 

Let there be N electrons leaving the boundary 
of a transverse field per second. The transverse 
energy of each electron will be $mv,?. During an 
interval of time 57 the number of electrons leaving 
is Nêr. The work done by the deflection field is 


T 


Then ‘S ~ 


vdr. 


o 
But the beam current is Ne ; and therefore the 
work done may be written in terms of this current 


o 
In the case of present interest, v, is a periodic 
function of time, i.e. of wt, in equation (13). 
The deflection power is the average energy 
expended per period and equals 


2m 


Iom 3 
W= r fa . dest 9) 


Substituting (13) for (v,) in (19), and integrating, 
results in a general expression for deflection power : 


(19) 


w Ick? { cos lat C: 


a = Bnd? H ae 
t pe 


wT, 


cos(wr — ma) 
I — mjoTo 


The power required will vary with a. 

This expression for deflection power is never 
negative. This follows readily from physical con- 
siderations. The kinetic energy in the beam is due 
to the movement of the electrons in the x direction. 
The analysis is concerned only with electric fields 
transverse to. this movement. These fields can 
have no effect upon the x-directed: velocity, and 
therefore no effect upon the x-directed energy of 


the beam of electrons, and energy therefore cannot, 


be transferred from the beam to the transverse 
electric field. Of course there is no reason why the 
transverse field should not cause the beam to enter 
another x-directed field so arranged and of such 
relative phase and magnitude as to withdraw 
energy from the beam ; but this effect is not con- 
sidered in the present analysis, and has nothing 
to do with the transverse field as such. 

Equation (20) reduces to the following special 


cases. All are expressed in practical units (watts). 

Case I. If a = 1535 5, etc. 
4.4 X T0“E (C2 wr a 

Wi = D a costa (20.1) 
Case II. Ifa = 2, 4, 6, etc. 
1472 2 

W, = = th ann a E TO . sin? 0 (20.2)p 

Case III. Ifa = }, 2}, 4, etc. 


_ 4.4 x IoMET, I j m? 
Wee |e a 
a 
tree 


(20.3)p 


2n sin ) 
r WT of 
WT 9 r 


CaselV. Ifa = th, 34, 54, etc. 


4.4 X IoMEAY I e Th 
W, = ae |e | (+a: 


wT? 
Z ae 

— sin ) : 
+ Si sin wrea) (20.4)p 
To express these equations in terms of wave- 

r 4.4 X 1014 

length, substitute 1.24 X 1078A? for ———_,—_ . 

w 


In order to answer question (d) in the Introduc- 
tion to this paper, and to determine whether in 
fact a deflection valve will be useful as an amplifier, 
it is necessary to determine what power is required 
to deflect the beam in comparison with that 
obtainable from it. 


__ cos (wr + z0) | 


I+ a/wry 
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. Clearly the power output obtainable from the 
valve cannot exceed the initial power in the beam 
W, = I oE b 

The output power will in fact be less than W,. 
The valve can be useful as an amplifier only if the 
power required to deflect the beam W4 < W,. 

Writing (15.1) in terms of wavelength in centi- 
metres, and in practical units, gives 

2. o-8EQA? 

y max s S S a (21)p 

Assuming that the centre of the beam is to move 
a distance equal to half the distance between the 
deflecting electrodes, yma. = $d. From (21)p 


d = /5 x 10-*EQH (22)p 
The deflection power is calculable from (20.1, 
2, 3 or 4)p by substituting 5 x 1o-®E£QA? for @?. 
Calculations show that, even if the deflection 
voltage E is equal to the total anode voltage 
E, of the valve, W, is not more than about 
I per cent. of the total power in the beam. In 
other words, a high input impedance may be 
expected, and the power amplifying efficiency of a 
transverse control valve should be satisfactory. 


6. The effect of a magnetic field in a resonant 
cavity.—Any resonant cavity has a magnetic field 
orthogonal to the electrical field. In a simple 
cubical resonator operating at the “ fundamental 
wavelength,” the magnetic field varies along. the 
x-axis approximately as a cosine function, and the 
acceleration is therefore 


dY m. 
r p cos ra cos(wt + 2/2) 


é 


(23) 


where 


and « expresses the relationship between the 
maximum value of the magnetic field H 
and the maximum value of the electric 
field &. That is, H =«&. 


The acceleration dueto the electric field alone is 
n = q COS wt sin ma 


dt 
e& 
where q= a 
These two equations may be written in vector 
form, combined, and integrated. A result is the 
following expression for the deflection coefficient 
for a beam travelling through a resonator : 
The real part 


ie: 

: À | sin ra = |: i shl wry 

2 “) Vie 
es ae 


— WT 9A COS WTA k = ae | -+ sin wets 
2. 


The imaginary part is 


f 9 
Xn 2%? 


+ wTo@ SIN wr ot k — ts | 
p wr 92 


+ cos wrga [2gA — 2pB)} (24.2) 


This-is clearly an equation of the same general 
kind as that for the electric field alone. 


7. Deflection outside the deflection field : “ Throw.” 
—In the preceding analysis, deflection values and 
phase have been considered at points within the 
deflection field itself. A more usual practical 
arrangement consists (as in the usual cathode ray 
oscilloscope) of a deflection field followed by a 
“ field-free ” space through which the beam travels 
before reaching the point at which the deflection is 
measured. This space may be referred to as the 
“ throw ” L of the beam. 

If the total length of the beam is J), then 
lo— L =l; 

Let the transit angle along the length of the 
“throw ” L be wT. The deflection of the beam 
will be equal to L tan g. As already explained in 
Section 1, 


{cos nma 


_dy_ v, dy dt 
tan $ = We JA = di E ae 
Integrating equation (16) and dividing it by vy, 
eE eland Elato gekort na) — elt 
a e Se 
2mdwv, | I—T|wTo I + rjwrTo 
, .. (25) 


The time ¢ will increase by T when the electrons 
travel along the “ throw,” and the displacement 
at the end of the length L is therefore equal to the 
vector i 


Ltan 6 = 


` 
LeEeiett i ian ET IWT oS 
2mduwi, | I — n/wr, 1+ 7/wr, 
(26) 
The real and imaginary parts of the maximum 
value of L tan @ are 


a el 


REAL L tan a = Bee {cos ma — COSwr a} 
2mdwi. 
_., LeEC { 4 WT, . } 
IMAG. L tan ma = J Zmdwv, SM wr 94 — ET sın ra 


nm? 


= 
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From (27) the magnitude of the deflection of the 
end of the “ throw ” L is 


LeEC 
2mdwv, 


L tan $uax= 


In view of assumption (e) of Section 2 of this 
paper, fractional values of a are not of interest. 
The last two terms under the square root therefore 
become equal to zero. 


Two formulae are therefore derivable from (28) 


for the magnitude of the deflection at the end of a 


“throw” :— 
For:a = I, 3, 5, etc. 


_ LeE awry 
L tan dmax =e C cos A } .. (29.1) 
For a = 2, 4, 6, etc. 
_ LeE A er) 
.L tan Oar = mdwv, fc sın 2 (29.2) 


The condition of a = 1 is likely to be the most 
usual. 

The function in brackets in equation (29.1) is 
plotted in Fig. 9 for values of wr, up to 77. It 


2:0, 


o m or 3 
WT 


Fig. 9. The magnitude of the frequency dependent 
part of the expression for beam displacement at the end 
of ‘‘ beam throw” L with a “ sine-shaped”’ deflection 

field. a= 1.' 


m ans OC 


will be observed that its maximum occurs at 
wt) = 1.47, and subsequent minimum and maxi- 
mum ‘values in the neighbourhood of 47, 67, etc. 
It tends to zero as wr increases. Assuming the 
transit angle w7, is adjusted so that the term in 
brackets hasthemaximum value of 1.7 (Fig.9), (29.1) 
may be re-written in practical unit as 


__ 2.68 x 10-*LEA 


L tan dma = ata -- (29.3)p 


v 


i 2WTo 4 2. 
I — 2 COS awry, cos 7a + cos? an — ——sin awry sin ma Be sin? ra 
m 


a 2 
‘energy mv is Æ. 
v 


Deflection will be obtained at each of the 
maximum and minima of the curve of Fig. ọ, i.e. 


WwWTo 
m 


practical units for a = I 


s- (R) Gow 


We have therefore again a decreasing series of 
anode voltages, for any given phase angle between 
deflection voltage arid deflection, each of which 


` correspond to a value of wro. 


Calculation shows that the deflection of the beam 
at the point of exit from the deflection field is very 
small, and may be neglected in comparison with- 
L tan ma provided that 1, is small compared 
with J). 


8. The effect of “throw” on sensitivity.—Let 
wT = $r. 


Then, in (28), the term 
LeE goreE 


mdwv, mdw* 


It will be found that Q/2 in equation (15.1) is 
usually of much the same order of magnitude as 
C times the surd expression in equation (28). There- 
fore, generally speaking, the deflection obtainable for 
a given deflection field E/d can be made greater in 
valves in which a “‘ throw ” is employed, than in 
those in which ‘it is omitted, by the factor ¢r. 
The question of whether a ‘‘ throw ” is best used 
or not in any given case introduces, however, 
practical questions of design which are outside the 
scope of this paper. 


9. Deflection power ratio.—The deflection power, 
in the case of a valve having a “ throw,” may, of 
course, be calculated by equation (20) as already 
stated ; but another relationship is available for 
the ratio between the deflection power and the 
d.c. power carried by the beam. ; 

The ratio between the instantaneous value of 
the transverse energy }mv,? and the x-directed 

2 


The average value of the 


x 
transverse energy is 4m, mar- 
Therefore, the ratio between the power used to 
deflect the beam and the power carried by the 
beam is 
_ Wy _tan? gms 
oy. FTE 


This relationship is of considerable value to the 
designer. It enables him to find the proportion 


(31) 
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of the total beam power which is used to deflect 
the beam in terms of the geometry of the valve he 
is designing. A graph of values of y, as a function 
of tan fmax is shown in Fig. ro. 

$ 


Fig. 10. The ratio ņa between 
the power W , required to 
3 deflect the beam, and the 
power I,E, =W , carried 
by the beam as a function 
of the tangent to the exit 
angle max of the beam 
from the deflection field in 
a valve having a “throw” 
L. The magnitude of the 
a deflection = L tan dmax. 
ot O2 O83 
TAN È max. 
TANGENT TO EXIT ANGLE 


DEFLECTION POWER AS À PERCENTAGE 
OF THE POWER CARRIED BY THE BEAM 
nd 


10. A numerical example. —Consider a valve 
having the following parameters :— i 

“ Throw ” L = 2.5 centimetres. 

Peak defiection volts E = 2500 volts. 

Wavelength A = 5 centimetres. 

Distance across the deflection field d = 0.4 cm. 

ANF 

Length of deflection field 7, = 0.5 cm. 

Transit angle = 1.47. 

From equation (30), writing 1.47 for wTọ we 
have an anode voltage of approximately 5000 volts. 
From equation (29.3), the magnitude of the 
deflection L tan mas = 0.3 cm. 

Tan fmax IS 0.12, and from equation (31) and 
Fig. 10, the power used to deflect the beam is 
about 0.7 per cent. of the total power carried by 
the beam. - 

11. Conclusions.—It is clear from this analysis 
that the input mechanism of deflection valves is 
satisfactory for the purposes of voltage and power 
amplification. 

The questions posed at the beginning of this 
paper may be answered as follows :— 

(a) The trajectories described by the electrons in 
the beam are obtainable from the equations stated. 

(b) The relative phase and amplitude of the 
deflection of thé beam with respect to the deflecting 
voltages are available from the equations. 

(c) The power required transversely to deflect a 
beam of electrons in‘a typical valve can be of the 
order of only one per cent. of the power W, 
in the beam, even when the deflection voltage E 
is as high as the accelerating voltage E,. In other 
words, a deflection valve can have a high input 
impedance. This is the case even at extremely high 
frequencies. 

(d) Deflection sensitivity is usually best obtained 
in practice by providing a “ field-free throw ” of 
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the beam from the deflection field to the point 
where the deflection is required. 

12. Acknowledgment.—The author wishes to 
express his thanks to Rediffusion Ltd: for permis- 
sion to publish this paper. 
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Correspondence 


Letters of technical interest ave always welcome. 


In publishing such communications the 


Editors do not necessarily endorse any technical or general statements which they may contain. 


“A Note on Frequency Modulation ” 
To the Editor, “ Wireless Engineer.” 


$1r,—The article by F, M. Colebrook in the March issue 
(p. 112) rightly stresses the importance of undesirable 
frequency modulation in amplitude-modulated ultra- 
short-wave signal generators. In early experiments on 
F.M. receiver problems I found such a generator quite 
useful for providing a F.M. signal! The following observa- 
tions on the article may be of interest to thése engaged 
in A.M. or F.M. ultra-short-wave developments. The 
undesirable F.M is only of consequence in an A.M. receiver 
because of attenuation and/or phase distortion in the 
receiver itself. If both forms of distortion are zero over 
a range from fe — fa —fm tO fe+ fat Sm, F.M. has no 
effect on output, which is the same as for the “pure” A.M. 
In the above, fe fa and fm are the carrier, deviation due 
to F.M., and modulating frequencies respectively. Cole- 
brook in his section 2 appears to lay undue stress upon 
the difference between the sine and cosine forms of the 
modulation in the two F.M. waves represented by e,= ê sin 
(wt + m sin pt) and e, = é sin (wt + m cos pt), where 
m= anfa = fe . The only real difference between the two 

M 

waves is that the reference points are separated by 90° in 
time as shown by Figs. 1(a) and (b). There is no change in 
the position of the loci of the resultants of the constituent 
‘sideband pairs—the really important feature of F.M.—and 
odd order sideband pairs (fẹ + (2n — 1)f,,) have resultants 
at 90° to the carrier and even order pairs (fe + 2n/,,) have 
resultants in line with the carrier. 

With simultaneous A.M. and F.M. the phase relation- 
ship of the two modulations is important, but the fact 


that the sine or cosine form of F.M. is used has significance 
only in so far as it indicates its relationship to the A.M, 
Thus there is no real difference, except in the time reference 
point, between e, = é (1 + k sin pt) sin (wt + m sin pt) 
and e, = é, (1 + k cos pt) sin (wt + m cos pt), but both 
are different from e, =ê, (I + k cos Pi) sin (wt + msin pt), 
which is also different from e, = é (1 — k cos pt) sin 
(wt + m sin pt). The differences are best indicated 
by means of the oscillating vector representation in 
Figs. 2(a) and 2(b). The vector locus of Fig. 2(a) represents 
£, and é,, the reference point for t = o is A for e, and 
B for e,. Note that the instantaneous frequency for e, 
is fe + fa cospt and for e, is fẹ — fzsin pt, and direction 
of vector rotation is as shown by the arrows, anticlock- 
wise direction indicating an instantaneous frequency 
greater than f, and vice versa. Fig. 2(a) shows that 
amplitude change is symmetrical, i.e., is the same for 
increasing as for decreasing carrier frequency; hence 
upper and lower ’sidebands of a given pair have equal 
amplitudes, i.e., the frequency spectrum is symmetrical 
as regards amplitude and phase. Fig. 2(b) gives the vector 
representation of e,, and also eg. The reference point is 
C for e,; amplitude and instantaneous frequency are 
maximum and vector direction is shown by the arrow. 
For e, the reference point is D ; amplitude is minimum 
and instantaneous frequency a maximum. Amplitude 
change is now asymmetrical; when the instantaneous 
carrier frequency is greater than f., amplitude is greater 
than é, for the e; wave, and the upper frequency sideband 
is therefore greater than the lower -of the same pair. 
The converse is true of the e, wave. To complete the 
picture the representation of 2, = é, (1 — k sin pt) sin 


- (wt + m sin pt)—reference point at F for t = o—is given 


ofr 
CARRIER ODO ORDER 
z 3 SIDEBAND PAIRS- 
ĉo Jo (m) RESULTANT = O 
1S rapnaks fc ĉo J2n-: (m) 
ma fo+(2n-i) fm 
7 
fe- @n-)tm 
-€oJan-1(m) 
w (a) 
e— fg 
CARRIER ODD ORDER 
4 SIDEBAND PAIRS 
ĉo Jolm) z RESULTANT = -2ĉ0 Jan.,(m) 
d t 
Primer c fe-(2n-) tm * 
Ye aj a 
Ë + Fo Jen-)ém) 
fo+(2n-i) fm 
(b) 
Fig. 1. a) Vector representation of e, = é, sin (wt +# £ sin pt) att = b. 
= é, sin (wt mia cos pt) att = 


Ín 


EVEN ORDER 
SIDEBAND PAIRS 
RESULTANT = 266 Jan(m) 

= fenfim 


fo4 antag} êo Jzn (m) 


EVEN ORDER 
SIDEBAND PAIRS 
RESULTANT = -2€0 Jar(m) 


-êoJ2n m) 
Htc +2ntm 
le fo-2ntm 


(b) Vector representation of e, 
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in Fig. 2(c). Like the e, wave it has a frequency 
spectrum symmetrical in amplitude and phase. All the 
waves from £, to e, produce the same output, except for 
atime phase displacement, if applied to an A.M. receiver 
having zero attenuation and. phase distortion over the 


equations (4) or (c), integrate over x, and average over a 
full cycle of ¢. There is therefore no need for experi- 
menting with different interpretations, as Mr. Benham 
does. I plead guilty to the charge of brevity, andSto 
having used the symbol y both for the co-ordinate, which 


ofc 


Fig. 2. 


© 


Vector representation of simultaneous amplitude and frequency modulation by a sinu- 


soidal modulating voltage. 


(a) e, = é, (I + k sin pt) sin 

(wt + m sin pt) reference point A 

at t = O, ore, = &,(1 + k cos pt) 

sin (wt + m cos pt) reference 
point B at t=0. 


(b) es = & (1 + k cos pt) sin 
(wt + m sin pt) reference point G 
at t = 0, ov eg = ê (I — k cos pt) 
sin (wt + m sin pt) 

point D att =o. 


(c) e, = ês (I — k sin pt) sin 
(wt + m sin pt) reference point 
Fatt=o. 

reference 


Notse.—In Fig. 2(a) OA is also vector position of e, when t = zond its frequency is then fe — fa 


In Fig. 2(b) OD is also vector position of e, when t = 5 and its frequency is then fe— fa 


range fe — fa — fm tO fe + fa tfm The output for the 
£, wave is the same as for the e, whatever may be thé 
attenuation or phase characteristics òf the A.M. receiver, 
but the results for the e}, e5, ¢,, and e, waves will generally 
differ from each other, and will be determined by the 
attenuation or phase change over the pass range. 

Colebrook suggests the master oscillator—buffer ampli 
fier as a possible solution of the problem of preventing 
frequency modulation, but it must not be forgotten that 
A.M. of a buffer amplifier can still produce phase, 
modulation of the carrier. This effect could probably 
be reduced, however, by keeping to a low modulating 
frequency, thereby reducing the effective -{,; due to the 
phase modulation. 


Chelmsford. K. R. STURLEY. 


“Power Loss in Deflecting Condensers ” 
To the Editor, ‘‘ Wireless Engineer ” 

S1r,—I entirely agree with Mr. Rodda’s letter in the 
May issue of Wireless Engineer. His expression for the 
transit power as the wattmetric product of the induced 
currents and the electrode potentials, and my equation 
(3) are mathematically equivalent in the frequency range 
in which the vector potential can be neglected. This is 
proved in a general way in my’paper on Energy Con- 
version. I regret that my remark to the effect that the 
subject is in need of clear general principles might have 
given the impression that I thought Mr. Roedda’s prin- 
ciples were in need of clarification. 

Regarding Mr. Benham’s letter in the same issue he 
and I agree up to his equation (c), which is equivalent 
to my equation (4). The meaning of ¢ in this specialised 
equation follows without ambiguity from the process by 
which it was derived from the general equations (b) or 
(3). is the partial derivative with respect to time of 
the potential at a point (x, Y) occupied by the central 
ray of the beam at a given instant. The rule is therefore : 
differentiate the expression ¢ (x, y, t) partially with 
respect to ¢, substitute y = Y(x, t), introduce this into 


specifies the field, and for the dependent variable Y (x, t) 

which specifies the position of the beam. The final result 

is Recknagel’s formula, and there is no error of sign. 
As regards Mr. Harries’ second letter, in the same issue, 


„as he does not substantiate his sweeping statements that 


my ‘‘ mathematical operations ... do not apply to 
any fields at all ”, dnd my ‘‘ derivation of the expression 
for transit power ... is wrong”, I regret that I am 
not in a position to give a reply. 

Rugby. D. GABOR. 


“Characteristic Impedance of Transmission Lines °’ 
To the Editor, “ Wireless Engineer.” 
Sır, —Equation (8) of this paper (Wireless Engineer, 
May, 1944, p. 225), viz. :— 
C = ————} €s.u./em. .. .. (8) 


is stated to be “a formula for the capacitance per unit 
length between two plates of width a and separation +.” 
It is, however, derived from equation (7) and, therefore, 
applies to the same physical arrangement as (7), i.e., to 
a thin strip of width a parallel to an infinite plane and 
separated’ from it by a distance h. 

The corresponding formula for the case of two strips 
of width a separated by a distance b is 


7 Te 
kik 

4 loge( 1 T =) 

Redbourn, Herts. 


GOODS FOR EXPORT 


t 1 
' |] 
[i [i 
i The fact that goods made of raw materials in short l 
i supply owing to war conditions are advertised in i 
! i 
[] [i 
1 


e.s.u./em. 


C. F. BROCKELSBY. 


this journal should not be taken as an indication 
that they are necessarily available for export. 
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PARALLEL TRANSMISSION LINES" 


The Relation Between Their Mutual Inductance and 
Mutual Capacitances 


By A. Bloch, Dr.-Ing., M.Sc., F.Inst.P. 


(Research Laboratories of The General Electric Company, Limited, England) 


T high frequencies the inductance L and the 

capacitance C of a transmission line obey 

I 

3 (1) 
where c is the velocity of electromagnetic waves in 
a space filled with the dielectric of the line.t Hence 
a determination of the capacitance of she line fixes 
also the value of its inductance and with this the 
value of its characteristic impedance. 


L I 
Z2 =46=rt; 


The purpose of this shott note is to show in an 
elementary manner that not only self inductances 
but also mutual inductances can be deduced from 
electrostatic considerations. The Figure shows a 
pair of conductors a, b, which form line I and 


the simple relation L.C = 


another pair of conductors c, d, which form line 2° 


parallel to line r. The mutual inductance between 
these two lines is defined by 7,.L,, = @, .. (2) 
where 7, denotes the current flowing in line 1 

and ©, the flux which is in this case linked with 
the currentless line 2. 

(everything referred to unit length of line.) 
‘We have further 7, .L,, = È, r fa “(3) 
where L,, is the self inductance of line 1 in the 
presence of the open-circuited line 2 (in this case 
only the bodies of the conductors c and d act as 
obstacles to the lines of flux). 


From (2) and (3) follows 
@ 
Ly Lie -3 E p 
12 up, (4) 


To evaluate the ratio ®,/®, we would have to 


* MS. accepted by the Editor, December 1943. 

tł This relation, of course, also applies at lower fre- 
quencies if we are allowed to neglect the magnetic field 
inside the conductor. 

{ The determination of the characteristic impedance of 
a line from its capacitance does not actually need the 
intermediate concept of its inductance. If we apply unit 
voltage to the beginning of an infinite line the current 
has to charge afresh in each second a length of line equal 
to c and the amount of electricity required in each second 
for doing so is ¢.C,, which means that the source of EMF 
sees under these circumstances an admittance c.C. i 


pass a current 7, through line I and count the 
number of flux lines passing between a and b 
and those passing between the open circuited 
conductorscand d. Now, exactly the same pattern 
of lines would be obtained as equipotential lines 
in an electrostatic experiment, in which we 
produce a potential difference E, between the con- 


fact that both patterns are 
obtainable (as graphical 
solutions of Laplace’s dif- 
ferential equation) by 
covering in well-known 
fashion the area between 
some of'the lines of this net (which are equi“ 
potential lines in one case and streamlines in 
the other.) 

The number of equipotential lines passing 
between a and b is a measure of the potential 
difference E; and the number passing between 


ductors a and b and in which we havẹ the con- 
the conductors with a 
square net, making the 
c and d, a measure of the potential difference E, 
which exists in these circumstances between 


ductors c and d isolated. 
This follows easily from the © 
boundaries of all of the ©) 
conductors coincident with 
c and d. 
E, 
Thus Llu. F Re an . (5) 
1 


L,, can, here be obtained by a capacitance deter- 
mination according to eqn. (1). The ratio E/E, 
can be calculated once the mutual capacitances 
between the various conductors are known. If 
calculation is to be replaced by an experiment 
(electrostatic or in an electrolytic trough) it is, 
of course, just as well to determine this ratio by 
direct measurement. 

If we use Maxwell’s “ coefficients of electric 
induction ” then we can describe the electrostatic 
relations between line charges and line voltages 
by the following set of equations : 


E, =Ky.Qi + Ky. Qe 
E, = Ka. Q1 + Ka. Qe - eae (6) 
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where the K,, are the coefficients referred to and 

where Q, denotes the charge per unit length on 

conductor a (— 

charge per unit length on conductor c (— Q, on d). 

The result of the electrostatic experiment 

mentioned above is then expressible in the simple 
E 2 Kaz 


fom — =,” uM 5. 3 ae 
ek oe ane (7) 
Hence we have 7# = Ki, A aa, (8) 


s 


Q, on b) and Q, a possible: 


i.e., the coefficients of magnetic induction are 
simply proportional to the coefficients of electric 
“induction. This relationship is sometimes men- 
tioned in treatises on travelling waves (usually 
without proof and with a slightly different defini- 
tion for the coefficients K,,and L,,, this difference 
being immaterial for the present purpose).* 


* The only publication known to the author where a 
proof is given is K. W. Wagner, Electrotechnische Zeitschrift, 
1914, Vol. 35, p..639. 
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Wireless Patents 
A Summary of Recently Accepted Specifications 


The following abstracts-are prepared, with the permission of the Controller of H.M. Stationery Office, from 
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1/- each 


DIRECTIONAL WIRELESS 


559 062.—-Indicator for distinguishing the dots from the 
dashes in a radio-navigational system of the overlapping- 


beam type. 
Standard Telephones and Cables; C. W. Earp; and 
J. D. Weston. Application date, 28th July, 1942. 


RECEIVING CIRCUITS AND APPARATUS 
(See also under Television) 


559 078.—Means for more effectively utilising the H.T. 
supply to a multi-stage arrangement of amplifiers wherein 
the anode of one valve is coupled both to the cathode 
and grid of a succeeding valve. 

E. L. C. White. Application date, 13th May, 1942. 


559 161.—F requency detector of the cycle-counter type, 

adapted -for receiving frequency-modulated signals. 
Standard Telephones and Cables (assignees of J. R. 

Pierce). Comvention date (U.S. a 29th May, 1941. 


559 218.—Push-pull limiter or ‘‘ muting” and gain- 
control system, of short-time-constant, particularly for 
frequency-modulated signals. 

Hazeltine Corporation (assignees of L. F. Curtis). 
vention date (U.S.A.), 28th October, 1941. 


TELEVISION CIRCUITS AND APPARATUS 
For TRANSMISSION AND RECEPTION 
559 005. —tTelevision transmitter, for operation by a 
cinema film, with means for re-inserting the D.C. or 
+e background ” component of the picture. 
Marconis W. T. Co. (assignees of A. C. Schroeder). 
Convention date (U.S.A.), 31st January, 1941. 


Con- 


559 065.—Optical projection system for television pictures 
provided with means for correcting spherical aberration 
and other errors. 

Marconi’s W.T. Co. (assignees of E. G. Ramberg). 
vention date (U.S.A.), 26th April, 1941. 


559 070.—Preventing undesired reflection effects in an 
‘optical Projection system for television pictures. 


Con- 


Marconi’s W.T. Co. (communicated by Radio Corpora-* 


tion of America). Application date, 28th August, 1942. 


559 112.—-Synchronising the colour discs or filters used 
‘for producing television pictures in natural colour. 

Marconi’s W.T. Go. {assignees of G. L. Grundmann). 
Convention date (U.S.A.), 28th June, 1941. 


559 214.—Optical system associated with a cathode-ray 
tube for projecting large-sized television pictures on to 
a theatre screen. 
Marconis W.T. Co. 
I.G. Maloff ; and F. H. Nicoll). 
31st July, 1941. 
TRANSMITTING CIRCUITS AND APPARATUS 


(See also under Television) 


559 095.—Power amplifier with expansion control for 
feeding a transmitting aerial or like load. 

D. L. Hings. Application date, 21st August, 1942. 
559 151.—Discharge tube in which two rotating beams of 
electrons are utilised to produce a time delay, e.g., for 

“ clipping ” the initial signals so as to prevent “^ singing ` 
in telephone systems. 

Standard Telephones and Cables (assignees of N. I. 
Hall). Convention date (U.S.A.), 22nd May, 1941. 
559 243.—Aircraft wireless transmitter arranged to be 
automatically modulated in accordance with the height 
or direction of flight of the craft in which it is installed. 

Square D. Co. Convention date (U.S.A.), 5th February, 
1941. 

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE 


558 933.—Push-pull pentode circuit for measuring the 
phase of an impulse voltage relatively to a standard 
voltage of the same frequency. 

Marconi's W.T. Co. (assignees of L. E. Norton). 
vention date (U.S.A.), 31st October, 1941. 


CONSTRUCTION OF ELECTRONIC-DISCHARGE 
DEVICES 

559 057.—Construction and electrode assembly of a 
high-powered discharge tube of the de-mountable type. 

Standard Telephones and Cables (assignees af C. V. 
Litton). Convention date (U.S.A.), 7th August, 1941. 
559 316—Means for supporting the fluorescent screen 
of a cathode-ray tube so as to obviate the effect of negative 
charges due to the scanning beam. 

Cinema-Television (communicated by C. S. Szegho). 
Application date, 14th September, 1942. 


(assignees of D. W. Epstein ; 
Convention date (U.S.A-.), 


Con- 


Waste Paper._The increasing part played by paper 
in the production of weapons of war is traced in an ex- 
hibition sponsored by the Waste Paper Recovery Associa- 
tion at Marble Arch, London, W.1. 
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For the information of new readers it is pointed out that the length of an abstract is not necessarily 
an indication of the importance attached to the work concerned. An important paper in English, in.a 
journal likely to be readily accessible, may be dealt with by a squavre-bvacketed addition to the title, while a 


paper of similar importance in German or Russian may be given a long abstract. 


In addition to these 


factors of difficulty of language and accessibility, the nature of the work has, of course, a great influence 


on the useful length of its abstract. 
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PROPAGATION OF WAVES 


1844. THE FrELD-LINE DIAGRAM OF THE MAGNETIC 
MODE OF OSCILLATION IN THE CYLINDRICAL GUIDE 
OF CiRCULAR Cross-SEcTIon.-E.  Ledinegg. 
(Hochf.tech. u. Elek:akus., Aug. 1943, Vol. 62, 
No. 2, pp. 38-44.) ; 

“In a recent paper by Borgnis (1818 of 1943) the 
properties of a cylindrica] guide of circular cross-section 
excited in H-type oscillations were investigated. It was 
pointed out that in addition to the electric fundamental 
oscillation Eoo, (Borgnis, 3874 of 1939) the magnetic 
fundamental oscillation (H,,, type) possesses special 
interest ; the two named types of oscillation alternate, 
according to the condition //D 21, in the property of 
possessing the longest resonance wavelength of all possible 
natural oscillations. As an extension to the paper first 
mentioned, the geometrical properties of the magnetic 
type of oscillation will be examined here. Above all, 
the paper will discuss the course of the field lines of the 
H type which appear as the solution of the differential 
equations [d8, ©] = o, [d8, ©] = o. The exact knowledge 
of the field lines is, apart from purely theoretical interest, 
of importance for instance in. problems which are not 
directly amenable to strict calculation: for example, 
coupling problems between two guides, where it is 
particularly important to know the current lines on the 
surfaces of the sheath.” 

Author’s summary :—' The equations of the magnetic 
and electric field lines of the magnetic fundamental 
oscillation of the cylindrica] guide with circular cross- 
section are set up and discussed [use being made of the 
results of the writer’s previous work (4 of 1943) combined 
with Borgnis’s second paper quoted above]. The repre- 
sentation of the magnetic field lines as the penetration- 
product of coaxial cylinders (‘ H-cylinders ’) and bodies 
of rotation (‘ H-rotation bodies ’) furnishes a clear spatial 
picture of the course of the field lines [for the definition 
of the ‘ H-cylinder"’ see p. 39, r-h column. “ The 
© vectors must thus lie in planes, parallel to the z axis, 
for which the @ lines represent orthogonal trajectories. 
Since the latter are independent of z, it follows that on 


. H are formed by the curved walls of the 
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every cylinder which is built up from eqn. 4 over an 
arbitrary orthogonal trajectory (z= 0), an infinite 
number of lines of magnetic force must lie. These 
cylinders are known for shortness as H-cylinders ” ; their 
differential equation is given in eqn. 5. For the unequivocal 
determination of the H lines a further differential equation 
is required : this is eqn. 7. The geometrical interpretation 
of this equation is discussed with the help of Fig. 2: 
“ since the multiple-solution nature of eqn. 7 is represent- 
able in the form z = 2(r), independent of ¢, the H lines 
of force must lie on coaxial rotation-bodies generated by 
the z = 2(r) curves in rotating about the cylinder axis.” 
It is these “ H-rotation bodies” that give, by their 
penetration curves with the “ H-cylinders,”’ the actual 
lines of magnetic force : see Fig. 5]. 

“The harmonics of the magnetic type are discussed 
with some examples [Figs. 7a, b], and the H-cylinders 
and H-rotation bodies are given, from which the shape of 
the field lines can be derived directly. On the basis of a 
general differential-geometrical law it is shown that for 
cylinder surfaces in general, closed by plane plates, the 
E field is perpendicular to the H field, so that the E lines 
are orthogonal trajectories of the H-cylinders. All 
H-cylinders (considered as metallically covered) oscillate 
with the cylindrical guide at the same frequency. Finally 
at is shown that the work which has to be done against 
the electromagnetic field in deforming into any arbitrary 
H-cylinder is zero when averaged over time.” 


1845. WAVE GUIDE WITH RECTANGULAR CROSS-SECTION - 
FOR VERY SuHorT ELectric Waves.—W. Iberg 
& others. (Hochf:tech. u. Elek:akus., Sept. 1943, 
` Vol. 62, No. 3, p. 95, Fig. 13.) 

A -Telefunken patent, D.R.P.732 423,applied for 4/10/40. 
The shorter side walls of the ‘‘ rectangular ” hollow guide 
“ puard-tube ” 
R, which are (at any rate at these points) metallic or 
metallised. 


1846. ON a BOUNDARY-VALUE PROBLEM OF THE WAVE 
EQUATION IN CYLINDRICAL COORDINATES.—Ober- 
hettinger. (See 1929.) 
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1847. THE THEORY OF THE SPHERICAL WAVE EXCITED 
AT A FINITE DISTANCE FROM THE SURFACE OF 
DEMARCATION OF Two MEDIA, FOR FINITE 
REFRACTIVE Inpices [Completely General Theory 
on Assumption of Validity of Fresnel’s Reflection 
Formulae for Plane Elementary Waves].—M. 
Krüger. (Zeitschr. f. Phys., 1oth Aug. 1943, 
Vol. 121, No. 5/8, pp. 377-437.) See also Ott, 18 of 
1943, whose treatment, however, ‘‘cannot be 
regarded as a general solution of the problem.”’ 


1848. RESEARCH ON THE PHYSICS OF THE STRATOSPHERE, 
AT THE KAISER WILHELM GESELLSCHAFT, 1942/3.— 
E. Regener & others.g (Naturwiss., 5th Nov. 1943, 
Vol. 31, No. 45/46, p. 513: in a report on the 
activities of this institution.) 

“Further work on the constitution and physical 
properties of the stratosphere. In the foreground stand 
optical problems of the stratosphere and investigations on 
the cosmic radiations.” No details are given: on p. 527 
a paper by Prof. Regener, on “the ozone layer and 
atmospheric turbulence,” is announced as about to appear 
in Meteorol. Z. Seé also 2075, below. 


1849. BANDED MESON SPECTRUM AND THE Rossi SECOND 
Maximum.—S. V. C. Aiya. (Nature, 25th March 

1944, Vol. 153, No. 3882, p. 375-) 
‘‘Such a drop in the meson absorption curve has not 
so far been reported by anybody to-my knowledge; but 


its appearance in this experiment is due to the use of 


the counter arrangement based on Bhabha’s method, 
which is such as to bring out any existing discontinuities. 
The interpretation of this experiment, together with the 
results of further experiments now in progress, will be 
given in a paper with Prof. Bhabha.” 


1850. WHAT DO SPECTRUM-ANALYTICAL INVESTIGATIONS 
SAY AS TO THE CONSTITUTION OF THE UPPER 
ATMOSPHERE ?—R. Penndorf. (Hochf:tech. u. 
Elek:akus., Sept. 1943, Vol. 62, No. 3, pp. 87-88.) 
A longish summary, by Zenneck, of the paper dealt 
with in 8 of 1943: it includes some of the tables. 


1851. THE BAND SPECTRUM OF NITROGEN : NEW SINGLET 
Systems [and Additional Data &.Information on 
the Singlet Systems reported by van der Ziel and 
by Kaplan].—A. G. Gaydon. (Proc. Roy. Soc., 
Series A, Ist March 1944, Vol. 182, No. goo, 
pp. 286-301.) 


1852. THz BAND SPECTRUM OF N,: WEAK SYSTEMS IN 
THE VISIBLE REGION, and THE BAND SPECTRUM 
oF NO: THE GAMMA AND EPSILON SYSTEMS.— 
A. G. Gaydon. (Proc. Phys. Soc., ist March 1944, 
Vol. 56, Part 2, No. 314, pp. 85-95: pp. 95-103.) 


1853. “ CLOUDS AND WEATHER PHENOMENA” [Second 
Edition, Revised : Book Review].—C. J. P. Cave. 
(Nature, 26th Feb. 1944, Vol. 153, No. 3878, p. 237.) 
Reviewed by D. Brunt. ‘‘ One of the mast satis- 
fying books which have appeafed in the field of 
meteorology for many years.” 


1854. THE THERMAL EFFECT OF DiFFUSION [Chapman’s 
“ Thermal Flux of Diffusion ’’]—L. Waldmann. 
(Zeitschr. -f. Phys., 24th Aug. 1943, Vol. 121, 
No. 9/10, pp. 501-522.) 

The diffusion current in a mixture of gased is made up 
of two components, the ordinary current depending on 
concentration conditions and the thermal diffusion current, 
proportional to the temperature gradient. On this 
analogy it may be supposed that the thermal flux also 
consists of two components, proportional respectively ‘to 
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the temperature gradient and the concentration gradient. 
This was shown theoretically to be the case, by Chapman 
and Enskog, both in 1917, but since then the subject has 
been neglected. The present writer now shows that the 
effect must be universal and capable of being measured : 
preliminary experiments (ref. “1 ’’) qualitatively confirm 
the theory. 


1855. IONOSPHERIC MEASUREMENTS DURING THE SOLAR 
EcLipsE oF APRIL 7th, 1940.—L. V. Berkner & 
S. L. Seaton. (Hochf:tech. u. Elek:akus., Aug. 1943, 
Vol. 62, No. 2, pp. 59-61.) Long summary, with 
diagrams, from Trans. of 1940 of Am. Geophys. 
Union, pp. 311-314. 


ORIGIN OF THE SOLAR SYSTEM (Letter prompted 
by Criticisms of Alfvén’s Theory].—A. Hunter : 
Alfvén. (Nature, 26th Feb. 1944, Vol. 153, No. 


3878, pp. 255-256.) 


INTERSTELLAR CaLcium CLoups [Note on Spectro- 
grams in Astrophys. Journ., 1943, p. 105 : Evidence 
strongly suggests that Interstellar Calcium occurs 
to a Great Extent in Discrete Clouds, each with Its 
Own Small Peculiar Motion but with Little Internal 
Turbulence: etc.].—(Natuve, 11th March 1944, 
Vol. 153, No. 3880, p. 319. 


1856. 


1857. 


HYDROGEN CONTENT OF THE SUN AND OF STARS OF 
SMALL Masses.—N. R. Sen & U. Burman. (Nature, 
5th Feb. 1944, Vol. 153, No. 3875, pp. 166-167.) 
See also 1133 of April. 


1858. 


ON THE PRESENCE OF PHOSPHORUS IN THE SOLAR 
ATMOSPHERE [Data at present available indicate 
Its Presence].—K. N. Rao. (Indian Journ. of 
Phys., Aug. 1943, Vol. 17, Part 4, pp. 197-203.) 
See also 2298 of 1943. 


1859. 


1860. MEASURING THE DISTANCE OF THE SUN FROM THE 


EartH [R.I. Discourse].—H. Spencer Jones. 
(Nature, 12th Feb. 1944, Vol. 153, No. 3876, 
pp. 181-187.) 


1861. SOME FACTS ON THE PROPAGATION OF HERTZIAN 
WAVES IN GEOLOGICAL ConpucTors.—V. Fritsch. 
(Hochf:tech. u. Elek:akus., Aug. 1943, Vol. 62, No. 2, 
PP. 50-59.) 

_ ‘Certain tests are here reported which show that 

Hertzian waves can penetrate even thick mountain 

layers, and that the range is dependent not only on the 

geoelectrical properties of the mountain but also on the 
frequency of the field. 

‘“The necessity, in cases of mine disasters, of main- 
taining a communication link which is not dependent on 
destructible wire lines has led to the development of mine 
wireless. For the closer study of the foundations for such 
systems, a long series of tests has been carried out during 
the past year in the Tyrolese mines. Above everything 
else, these tests were to determine what wavelength gave 
the best ranges. They supplement the researches under- 
taken in the last ten years partly by other radio-tech- 
nicians and partly by myself. The work now considered 


_was carried out in close collaboration with, and at the 


request of, the C. Lorenz Company of Berlin.” 

The writer’s previous tests, of which “the most 
important ” were those dealt with in 39 of 1939 and back 
references and in Reference “ 3 ”, had already shown that 


,quite considerable ranges were obtainable underground. 


Signals were received under a covering of as much as 
500m. Even in these early tests the marked influence 
of the transmitter frequency was realised.. With wave- 
lengths above 100m a reasonable agreeement was found 
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between observed results and those of modern “ extinc- 
tion ” theory, but the relations became much more 
complicated for wavelengths below room. At first, as 
the frequency increased, the range diminished ; but in 
the 40 m band an increase appeared. There seemed, also, 
to be a “ dead zone ” in the region of the room wave. 
The three workers mentioned in references “ 5 ’’ to “7” 
and also Petrowsky, 1933 Abstracts, p. 519, and 
Doborzynski (1712 of 1936 [and 4311 of 1938]), agree in 
finding that the ranges obtained underground considerably 
exceed those hitherto calculated in the technical literature. 
The writer considers that this apparent discrepancy 
between theory and experiment is not due to any fault 
in the theory, but to the use of incorrect values for the 
electrical properties of the geological conductors, the 
conductivity and dielectric constant often being measured 
on small samples which, as recent experience has shown, 
generally differ in their properties frem the natural mass : 
in particular, the conductivity of these samples—always 
taken from the surface layers—is often higher than the 
mean value for the natural mass. 

He deals first with the suggestion sometimes made 
that the larger ranges obtained are due to the propagation 
of the waves along air-filled galleries and shafts, or to the 
action of metal ropes, pipes, etc. This idea is opposed on 
several grounds, theoretical and practical (p. 51), and was 
finally disproved by the writer’s latest tests (Figs. 1-3) : 
in Fig. 1, for example, the transmitter in the bottom 
gallery was well received in an upper gallery separated 
by about 500 m of solid dolomite, whereas it was inaudible 
outside the mouth of the upper gallery, from which it was 
screened by a thick layer of clay having high attenuation. 
If the signals had travelled in the air of the bottom gallery 
and round to the receiver, they would have been louder 
just outside the upper gallery than along it. 

The main body of the recent tests includes measure- 
ments made on the 1000 m, broadcasting, and short- 
wave bands, and (very cursorily) on the 5 m band. . The 
geoelectrical conditions are not dealt with in detail, since 
they are given in a paper which is being printed in Beitr. 
z. angew. Geophysik. Table 1, however, gives some 
resistances (measured on a wavelength of 1000 m in the 
case of dry granite, and otherwise presumably on‘300 m) 
of various masses, and the dielectric constants and extinc- 
tion coefficients calculated from these and from the known 
porosity of the materials.’ For instance, for dry granite 
the resistance (given in “ ohms per cm ”’) is 10!, e = 10, 
and y = 0.0000015; for “rock with natural moisture ’’ 
the values are 10°~10*, 13, and 0.128-0.015, while for 
moist clay they are 10°, 40, and 1.28. Table 2 gives the 
“ practical ” ranges (5 v/m for an aerial power of 10 w) 
calculated from these valués: they are, for the above 
cases, 7 X 1o®m, 800-100m, and tom respectively. 


Thus a quite thin layer of clay (er still more of humus) - 


will affect the range more than a hill of several hundred 
metres’ thickness. 

Authors summary :—‘‘ Ranges underground up to 
1700 m were obtained, but the observations suggest that 
possible ranges of 2 to 3 km can be obtained in practice. 
In dry, low-porosity rock ranges from several hundred to 
a thousand kilometres are possible. The extinction, and 
hence the range, depends chiefly on the moisture-content 
of the rock. For this reason, tectonic deformations are 
always of great importance for wave propagation. They 
may considerably reduce ranges by their high extinction, 
or on the other hand may considerably increase them 
by guiding the field [cf. Howell, 81 of January]. An 
important factor is the angle at which the field is incident . 

“ The influence of the frequency is also very marked. 
It has continually been observed, up to the present, 
that a wave-band exists between short and broadcasting 
wavelengths on which no underground transmission is 


WIRELESS 
ENGINEER 


June, 1944 


possible. In the long-wave region the extinction decreases 
with increasing wavelength. At a wavelength shorter 
than room this regular behaviour can no longer be 
observed. Conditiéns in this wavelength region*are more 
complicated [see earlier in this abstract] and the ranges 
are several times the calculated values. The frequency- 
dependence of extinction seems to be different for different 
geological conductors. 

‘ The application of the experimental material now 
available offers new methods both to mine wireless 
technique and also to radio prospecting.” For Japanese 
measurements on absorption, etc., in rocks, see 4196 of 
1940 and back reference. 


1862, THE ELECTROMAGNETIC PROCESSES TAKING PLACE 
ALONG A SYMMETRICAL GROUP OF CONDUCTORS.— 
V. I. Kovalenkov. (Automatics & Telemechanics 
{in Russian], No. 3, 1941, pp. 7-14.) 

The operation is discussed ọf a symmetrical group of n, 
conductors (Fig. 1) of which m conductors act as a trans- 
mission line and the remaining (n — m) conductors have 
voltages and currents induced in them from this line. It 
is shown that theré are two electromagnetic waves 
propagating along the group of conductors, of which the 
first propagates between the active and passive con- 
ductors (inter-phase wave) and the other between all 
conductors and earth (earth wave). On the basis of this 
analysis an artificial line is suggested (Fig. 5) imit&ting 
the active line in the group of conductors. 


1863. ON THE DEVELOPMENT OF A GENERAL THEORY OF 
THE TRANSMISSION OF ELECTROMAGNETIC ENERGY 
ALONG Wires.—V. I. Kovalenkov. (Automatics 
& Telemechanics [in Russian], No. 4/5, 1941, 
Pp. 5-18.) 

The development of the theory of transmission is 
briefly surveyed. It is pointed out that in this, as in any 
other branch of technical science, theory develops through 
stages of differentiation and of solving special problems 
towards a broad generalisation of the results obtained. 
It is suggested that the present task is to evolve a general 
theory of an active multipolar circuit network, i.e. of 
a group of parallel conductors of which some or all are 
active. The present state of this theory is discussed and 
it is shown that a steady electromagnetic wave-on a line 
forming part of the group of conductors is a resultant of 
a series of component electromagnetic waves. The 
latter depend on the number of the conductors of the 
group and on the type of termination. It is important 
from both the practical and theoretical points of view 
that methods should be evolved for determining the 
component waves. It is pointed out that the theory 
discussed deals with stabilised processes only and that 
further study will be required to cover transient processes. 


1864. ON THE GENERAL THEORY OF THE TRANSMISSION 
oF ELECTRICAL ENERGY ALONG LINES.—V. A. 
D’yakov & V. I. Ivanov. (Automatics & Tele- 
mechanics [in Russian], No. 4/5, 1941, pp. 19-22.) 

With reference:to Kovalankov’s paper, 1863, above, 
the importance is emphasised of pooling knowledge gained 
in various branches of electrical engineering regarding the 

transmission of electrical energy, and of developing a 

general theory of transmission. The following factors 

are briefly discussed :—(1) The number of conductors ; 

(2) the types of e.m.f. applied to a group of conductors ; 

(3) the impedances of the transmitting and receiving 

apparatus, and (4) the asymmetry of the conductors. 

Some of the possible steps in the development of a general 

theory are also indicated, as for example the derivation of 

formulae for determining the voltages and currents on the 
line in terms of its secondary parameters, the determina- 
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tion of tertiary parameters of an equivalent four-pole 
circuit network, the investigation (with the aid of a model) 
of the solutions of differential equations representing the 
processes taking place on the line, etc. 


ATMOSPHERICS AND ATMOSPHERIC ELECTRICITY 


1865. LIGHTNING SURGES TRANSFERRED FROM ONE CIR- 
CUIT TO ANOTHER THROUGH TRANSFORMERS 
{Theoretical & Experimental Investigation].—P. L. 
Bellaschi. (Elec. Engineering, Dec. 1943, Vol. 62, 
No. 12, Transactions pp. 731-738.) 


1866. THE COURSE OF THE POTENTIAL AT A CONDENSER 
AT THE END OF AN OVERHEAD LINE STRUCK BY 
Licurnine [Calculation on Assumption of Quasi- 
stationary Régime].—K. Berger & J. Giaro. (Bull. 
Assoc. Suisse des Elec., 12th Jan. 1944, Vol. 35, 
No. 1, pp. 14-26 : in German.) 

1867. GUIDING PRINCIPLES FOR THE INTRODUCTION OF 
SURGE ARRESTERS IN OVERHEAD-LINE SYSTEMS. 
—W. Siemer. (E.T.Z., 18th Nov. 1943, Vol. 64, 
No. 45/46, pp. 601-607.) 


1868. LIGHTNING ARRESTERS HOUSED IN TRANSPARENT 
Prastic Cases [used by Army: Neon-Tube Glow 
indicates Satisfactory Connection between Aerials 
& Ground].—(Sci. News Letter, 5th Feb. 1944, 


Vol. 45, No. 6, p. 96.) 


‘PROPERTIES OF CIRCUITS 


THE FIELD-LINE DIAGRAM. OF THE MAGNETIC 
MODE OF OSCILLATION IN THE CYLINDRICAL GUIDE 
oF CIRCULAR Cross-SEcTIon.—Ledinegg. (See 
1844.) 


THE PLOTTING OF ELECTROMAGNETIC FIELDs [in 
Cavity Resonators, etc.] BY MEANS OF “ TEST 
BopıiEs.”—G. Goubau. (Hochf:tech. u. Elek:akus., 
Sept. 1943, Vol. 62, No. 3, pp. 73-76.) 

In a paper on the electromagnetic cavities used, for 
instance, in u.s.w. frequency stabilisation, Müller has given 
a method of determining the field distribution inside such 
a cavity: see end of 1379 of 1940. This consisted in 
introducing small ‘‘test bodies” and measuring the 
change in natural frequency or input impedance which 
they cause. The method gives the values of the electric 
and magnetic field strengths and also, if the shapes of the 
test bodies are suitably chosen, the directions of the 
fields. It assumes, however, that the damping losses are 
negligible and that consequently the electric and magnetic 
fields are in themselves of the same phase everywhere, 
and 7/2 out of phase with each other. 
theoretically in the present paper that the “test body ” 
method can be adapted for application to arbitrarily 
strongly damped systems, and also to radiating systems ; 
further, that besides the amplitude and the direction, 
the phase of the field components can be determined 
simultaneously from the change in the input impedance. 
The only assumption that must be made is the linearity 
and isotropy of the medium of which the system is 
composed. 4 

For the calculation of the impedance change at the 
point of excitation, produced by the introduction of a 
composite test body made up of a conducting and a 
non-conducting part, the writer starts from Maxwell’s 
equations connecting the field magnitudes ©,, §,, Č, 
§, for the bounded space (Fig. 1) when this is completely 
filled with the ambient dielectric and when it contains 
also the test body. -Up to eqn. 11 no restrictions are 
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It is shown ` 


placed on the form and dimensions of the test body, but 
after that point the dimensions are assumed to be small 
enough (i.e. the volume èV in Fig. 1, which is filled by the 
composite test body when this is introduced into the 
cavity, is assumed to be small enough) for the undistorted 
field ©,, ©, within èV to be considered as homogeneous 
and ¢€,, », also as constant. Ultimately it is found that 
the impedance change ôR produced by the introduction 
of the test body can be represented by the total electric 
and magnetic moments J, = M, + M, and W, 
= $M,’ + M,” induced in the test body by the &,, ©, 
field, so that from eqns. 12a, b, 15, and 17 the impedance 
change is given by eqn. 18... 
SR = jo/f2.{—- GE .M.+ GHi- Mart. 

In the above, M, and Mt,’ represent’ the electric and 
magnetic moments induced in the non-conducting com- 
ponent of the composite test body, while W,” and M,” 
represent the corresponding moments induced in the 
conducting component. Eqn. 18 can also be transformed 
into a power relation, eqn. 19; this, for a loss-free cavity 
with ġa = 0, ġe = + 7/2, reduces to eqn. 20, the equa- 
tion given by Miller for those simpler conditions. 

Section 111 deals with the application of eqn. 18 to the 
plotting of fields. The easiest part is the measurement of 
electric-field distribution, for this can be done with a 
dielectric test body, which leaves ‘the magnetic field 
undisturbed so that the equation reduces to 

dR = — jol]? . ©, Me. 
If the electric field swings everywhere in one direction 
only (that is, if no rotating field is present) amplitude 
and phase can be determined by the use of a spherical 
test body, W, for which is given by eqn. 22: the 
working formula for the impedance change ôR thus 
becomes eqn. 23. The field direction can be found with 
a non-spherical test body such ‘as an ellipsoid: the 
impedance change becomes a maximum when the axis 
of this body coincides with the direction of the field. 
A rotating field can also be dealt with by* the ellipsoid, 


‘the impedance changes being measured for three mutually 


perpendicular directions of its axis, and the field com- 
ponents in these three directions being calculated from 
the values obtained. ‘‘ The same results as are obtained 
with a dielectric solid-of-revolution are given by a 
cylindrical piece of wire. If the thickness is sufficiently 
small compared to the length, the influence of the magnetic 
induction may be neglected.” 

The distribution of the magnetic field cannot be plotted 
as simply as that of the electric field, since no non- 
conductor exists with a permeability much different from 
unity. Only a metallic test body can therefore be used, 
and such a body has an electric moment as well as a 
magnetic. To eliminate this, it is necessary to measure 
beforehand the electric field by means of a dielectric 
test body ; it is also necessary to know how the magnetic 
and electric moment induced in the metallic test body 
varies with the direction of the field—“‘ this can be deter- 
mined theoretically or experimentally.” 

The field distribution for a conductor is more simple to 
plot than for a cavity, since the need for a direction- 
determination is avoided completely in the case of the 
electric field and partially in that of the magnetic field. 
ʻA hemispherical or hemiellipsoidal test body can be 
employed. It is mentioned that the test bodies need not 
always be so small that the field is homogeneous: for 
instance, to find the field distribution about a straight 
wire, ring-shaped test. bodies may be used ; formulae for 
the impedance change for such bodies, of the dielectric 
and the conducting types, are given. 

Finally, the accuracy of the method is briefly discussed: 
This depends on the accuracy of the impedance measure- 
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ments, and above-all on the constancy of the frequency. 
Theoretically the method is applicable to the radiation 
field of an aerial. Practically, the question is whether the 
effect of the test body (which in this case would certainly 
have to be of larger dimensions, perhaps a half-wave 
aerial) would be sufficiently great. ‘‘ The practical limits 
of the method must be decided by experiment.” 


1871. TRANSMISSION-LINE PROBLEMS AND THE IMPEDANCE 
CIRCLE DrtaGRaAmM [Transmission Lines in Micro- 
Wave Engineering, for Interconnection & as 
Circuit Elements: Analysis of Their Behaviour 
greatly facilitated by Circle-Diagram Technique : 
Its Fundamental Equations : Non-Reflecting Ter- 
minations, and a ‘‘ Widespread Misunderstanding ”’: 
etc.].— Willis Jackson & L. G. H. Huxley. (Nature, 
Irth March 1944, Vol. 153, No. 3880, p. 319: 
summary of I.E.E. paper.) 


1872. EQUIVALENT T AND Pi SECTIONS FOR THE QUARTER- 
WAVELENGTH Lıine.—C. G. Brennecke. (Proc. 
I.R.E., Jan. 1944, Vol. 32, No. 1, pp. 15-17.) 

Instead of the usual application of the general trans- 
mission-line equations to the special conditions of the 
case, the quarter-wavelength line may be represented by 
a lumped reactive network “of simple structure and 
interesting behaviour, which behaviour may then also 
be expected of the line.” 

For any smooth transmission line, an equivalent T 
section of the symmetrical form of Fig. ı may be con- 
structed if the values of the branch impedances are chosen 
according to the equations Z,/2 = Z,tanh 0/2 and 
Z, = Z,/sinh 90, where Z, = V/z/y and 0 = vVzyl; Zo 
being the characteristic impedance, 6 the “' electrical 
length ” of the line in hyperbolic radians, z the series 
impedance per unit length, / the length of the line, and 
y the transverse admittance per unit length. For the 
corresponding equivalent pi section (Fig. 4) the conditions 
are Z, = Z, sinh ô and 2Z, = Z, coth 6/2. 

Now at ultra-high frequencies, where the series re- 
sistance and the transverse conductance of the line 
become negligible compared with the series reactance and 
transverse susceptance respectively, Z, may be written 
as y/ LIC, where L is the inductance and C the capacitance 
between wires, each per unit length. Further, the real 
part of 0 represents attenuation and) may thus be neg- 
lected, while the quadrature term represents phase 
rotation, and for a quarter-wavelength line must be 7/2. 
Thus for such a line the above equations become 
Z,/2= iv LIC and Z, = — jV LĪJC for the T section, and 
Z,=jVLIC and 2Z,= — jVLIC for the pi section, so 
that the two equivalent sections take the form of Fig. 2 
and Fig. 5 respectively. 

Such a section (and therefore the quarter-wavelength 
line it represents) will act as an impedance transformer, 
giving a perfect match between resistances and a con- 
jugate match between impedances whose phase angles 
are the same: it will also invert an impedance, making 
it appear as a constant times its own admittance. “ For 
want of a better name” the two types are called the 
“ inverting T section ” and the “inverting pi section.” 
Since individual circuit considerations often require the 


use of a matching section with capacitive input and out-_ 


put, the “inverting pi section ” may be of more general 
use than its T equivalent. “It may be that a similar 
representation of other high-frequency lines, stubs, and 
antenna feeders by equivalent pi or T sections will lead 
to a better appreciation of their potential applications.’ 


1873. METHOD oF COUNTERING THE FALLING-OFF OF THE 
‘ EFFECTIVE RESISTANCE OF: AN ULTRA-HIGH- 
FREQUENCY VALVE DUE TO THE INDUCTION CUR- 


‘RENT FLOWING TO THE CoNnTROL GrRip.—Philips 
Company. (Hochf:tech. u. Elek:akus., Sept. 1943, 
Vol. 62, No. 3, p. 95, Fig. 11.) 

Swiss Patent 221 470, applied for 1/5/41. “ Between 
the control grid 16 and the anode 19 an auxiliary grid 17 
is introduced, whose alternating voltage is in opposed 
phase to the control-grid voltage, from the fact that the 
auxiliary electrode is connected to the control grid through 
the resonant circuit 13, 14, 15 tuned to the working 
frequency. The energy given up to the electron stream 
by the control grid is balanced out by the energy taken 
from it by the auxiliary electrode.” 


1874. ULTIMATE Banpb-WipTHs IN HiGu-Gatn MULTI- 
Stace VIDEO AMPLIFIERS [and the Question of 
Shunt Peaking]_—MacLean. (See 1990.) 


1875. A FREQUENCY DOUBLER FOR HIGH-FREQUENCY 
OsciLLaTions.—Philips Company. (Hochf:tech. u. 
Elek-akus., Sept. 1943, Vol. 62, No. 3, p. 93, Fig. 5.) 

French Patent 874 733, priority 15/8/40. “The funda- 
mental frequency is fed to the input circuit consisting 
of a Lecher system 2, 3 tuned to it, and this system is. 
connected to two equivalent electrodes (e.g. the grids) 
of the two valves T,, T,, of which two other equivalent 
electrodes (e.g. the cathodes) are connected together. 

The output circuit, consisting of the Lecher system 4, 5, 

tuned to the harmonic, lies between the point of junction 

of the two electrodes and the middle point of a potential 
divider, formed in the case illustrated by the grid/anode 
capacitances. 


1876. FREQUENCY MULTIPLICATION WITHOUT THE USE 
oF TuneD Resonant Crrcuits.—Philips Com- 


pany. (Hochf:tech. u. Elek:akus., Sept. 1943, 
Vol. 62, No. 3, p. 93, Fig. 3.) 
Swiss Patent 221 471, applied for 2/5/41. The funda- 


mental oscillation is applied in push-pull to two control 
grids 9, 11 whose working points lie on the straight parts 
of the corresponding anode-current/grid-voltage char- 
acteristics ; the harmonic is taken off the artode 19. 


1877. CIRCUIT ARRANGEMENT FOR LINEARISING THE 
ANODE-CURRENT CHARACTERISTIC OF A MULTI- 
ELECTRODE VALVE.—W. Jacobi & L. Grassl. 
(Hochf:tech. u. Elek:akus., Aug. 1943, Vol. 62, 
No. 2, p. 62.) 

A Siemens & Halske patent, D.R.P.730675. To 
linearise the anode-current characteristic œ (Fig. 3), 
the bias U, of a positive auxiliary grid (screen grid) is so 
controlled, as in curve 6, that it falls off on both sides of 
the working point 4. This is accomplished for region I 
(to the right of the working point) by a series resistance 
in the s.g: circuit, and for region rr (to the left of the 
working point) by a controlled discharge gap (auxiliary 
valve) in parallel with the screen-grid/cathode gap. 


1878, NEUTRALISATION OF SCREEN-GRID TUBES TO 
IMPROVE THE STABILITY OF INTERMEDIATE-FRE- 
QUENCY AMPLIFIERS.—Hultberg. (See 1918.) 


1879. RaDio Data CHARTS: No. 15—I.F. TRANS- 
FORMER Desicn.—J. McG. Sowerby. (Wireless 
World, March 1944, Vol. 50, No. 3, pp. 82-85.) 


1880. A STUDY OF THE PERFORMANCE OF VARIOUS 
Common RESISTANCE - AMPLIFIER STAGES [in- 
cluding the ‘‘ Cathode-Amplifier’’ Stage (36 of 
1943, and cf. 410/11 of February)].—R. Wunder- 
lich. (E.N.T., Jan. 1943, Vol. 20, No. 1, pert 
onwards.) With 8 diagrams. 
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1881. NEw ConTRAST-EXPANSION CIRCUIT: APPLYING 1884. ANALYSIS OF RECTIFIER Crrcuits [giving Essential 


THE PRINCIPLE OF THE CATHODE FOLLOWER 
[Objections to Usual Circuits with Lamps or 
Variable-Mu Valves: Suggested Circuit & Its 
Several Advantages].—M. O. Felix. 
World, March 1944, Vol. 50, No. 3, pp. 92-93.) 
Results of tests on this at present untried circuit 
are invited. 


1882. THE DEVELOPMENT OF THE PuUSH-PULL SYSTEM 
[from about 1880 onwards].—D. McNicol. (Com- 


munications, Nov. 1943, Vol. 23, No. 11, pp. 17-19 


and 110..112: to be contd.) 


1883. RESPONSE OF A LINEAR RECTIFIER TO SIGNAL AND 
Noise.—W. R. Bennett. (Journ. Acous. Soc. Am., 
Jan. 1944, Vol. 15, No. 3, pp. 164-172.) 

From the Bell Telephone Laboratories. 1.—Direct- 
current component of output, for input of sinusoidal 
signal with superposed random noise. The probability 
density function of signal voltage is found (eqn. 3): the 
corresponding probability density for the noise voltage is 
well known and is given in eqn. 4. The distribution of 
occurrence of the resultant instantaneous amplitudes of 
the combined noise and signal voltages is then computed 
by the rules of mathematical probability (eqn. 7). The 
assumption that the rectifier is linear then leads directly 
to an integral (eqn. 9) which yields the average current 
obtained from the rectifier (eqn. 10: eqn. 11 gives the 
ascending series for signal power small compared with 
noise power, eqn. 12 the asymptotic series available 
when the signal is large). 

u.—Spectrum of output, by use of multiple Fourier 
series. “The response of the rectifier is thus seen to 
consist of all orders of modulation products of signal 
and noise. In a typical case of interest the band of input 
frequencies is relatively narrow and centered about a 
high frequency, while the output band includes only low 
frequencies. In such a case the important components in 
the output are the beats between signal and noise com- 
ponents and between noise components. The d.c. 
component is present in the output only if the pass band 
of the system actually includes zero frequency ; we have 
already computed its value in Section 1, but we will derive 
it again by the method used here, as a check ” [eqn. 30, 
identical with eqn. 10]. The writer then calculates the 
spectra of the energy resulting from beats between signal 
and noise inputs (eqns. 38, 39) and between individual 
noise components (eqns. 41-45). ‘‘ The products just 
considered give a fair approximation for the problem of 
detection of a r.f. band of signal and noise followed by 
audio amplification. Certain other products should also 
be added to obtain higher accuracy.” This is done in 
Fig. 4, where curve A shows, as fractions of the limiting 
value when the mean signal net power is made 
indefinitely large compared with the mean input noise 
power, the calculated noise power (signal/noise and noise/ 
noise components) when noise and signal are applied in 
a relatively narrow r.f. band ; while curve B is, obtained 
from curve A by addiñg the contributions from fourth- 
and sixth-order products. It is seen that this inclusion 
of the higher-order products improves the agreement 
between the calculated results and the experimental 
values of F. C. Williams (1364 of 1937), shown as circles ; 
though the value of the intercept is unaffected by them. 
Williams gives the intercept (at zero signal poWer) as 
35%, while the theoretical value deduced here is 7/8, 
or 39.27%. The writer stresses that his analysis applies 
strictly to „purely resistive networks, whereas the con- 
ventional radio detector circuit’ (used by Williams) 
introduces a reactive element. Ragazzini’s approximate 
solution (390 of 1943) would give an intercept of 50%. 


(Wireless ` 


Formulae in Systematic & Unified Form for 
Engineers: with Characteristic Curves].—E. F. 
Christensen & others. (Elec. Engineering, Dec. 
1943, Vol. 62, No. 12, p. 546 : summary only.) 


1885. REPLACEMENT OF GRID-BriAs BATTERIES BY GLOW- 
DiscHARGE-LAMP CIRCUITS, FOR - AMPLIFIER 
VALVES USED FOR D.C. VOLTAGE STABILISATION.— 
A. Sasse. (Funk, No.. 5/6, 1943, p. 57 onwards.) 


1886. ANALYSIS AND CHARACTERISTICS OF VACUUM-TUBE 
THYRATRON Puase-ControLt Circuit.—-S. C. 
Coroniti. (Proc. I.R.E., Dec. 1943, Vol. 31, No. 12, 
Pp. 653-656.) 

“ By substituting a vacuum tube for the resistance in 
the RC component of a phase-control circuit such as Fig. 1, 
a small grid voltage can be made. to control effettively 
large electrical power ” (Fig. 2). It is shown that the 
effective phase angle between the plate/cathode and 
grid/cathode voltages is influenced by the direct rectified 
current flowing through the control valve. The effect of 
the thyratron grid resistance on the stability of operation 
is discussed, and curves are given to illustrate the degree 
of control by various types of valve : the degree of control 
can be varied by careful selection here (Fig. 8). 


1887. INVESTIGATION OF MULTIPLE-REGULATION SYSTEMS 
WITH THE HELP OF THE OPERATIONAL CALCULUS.— 
A. Leonhard. (Elektrot. u. Masch-:bau, 9th July 
1943, Vol. 61, No. 27/28, p. 329 onwards.) 


b 
1888. ON AN EXPRESSION, VALID AT ALL FREQUENCIES, 
FOR THE RESISTANCE OF AN AIR-CORED SOLENOID. 
—P. Pellé. (Rev. Gén. del’ Elec., Feb. 1943, Vol. 52, 
No. 2, p. 57 onwards.) 


1889. THE INFLUENCE OF LOSSES ON THE PROPERTIES 
oF ELECTRICAL NETWorRKS.—J. F. Schouten & 
J. W. Kliite. (Philips Tech. Rundschau, 1942 : 
long illustrated summary, in German, in Bull. 
Assoc. Suisse des Elec., 22nd Sept. 1943, Vol. 34, 
No. 19, pp. 578-580.) 

The original paper was referred to in 1396 of 1943. 
The two methods there mentioned are (A) the theoretical 
process named by the writers ‘‘ the method of the perpen; 
dicular derivatives,” from the geometrical representation 
(not dealt with in the summary) of the Cauchy-Rie- 
mannian equations used, and (B) the “ soap-bubble-film ” 
or ‘‘ rubber-membrane ” method based on the Laplacian 
equations derived from the same C.—R. equations. 

(A). If the impedance of an ideal inductance is given 
by Z = jwL, that of an inductance with losses is repre- 
sented by Z = R + jwZ: similarly, if the ideal condenser 
admittance is Y = jwC, that for a condenser with losses 
is Y = G + jeC. Introducing the loss equivalent of 
the coil p = R/L and that of the condenser y = G/C, we 
obtain Z = (p + jw)L and Y = (y+ jw)C. Making, 
for the moment, the assumption that p = y = k, we have 
Z = (k + jw)L and Y = (k + jw)C. Then if we know 
any property whatever of the ideal network as a function 
of the argument (jw)—for example the propagation 
constant ņ = a + j8—we need only replace the argument 
(jw) throughout by the expression (A + jw) in order to 
obtain the property of the network with losses. Thus if 
no = f (jw), then ną = f (k + jw). Iff(...) isan analytical 
function of the argument, the Cauchy—Riemann equations 
(da/dk = dB/dw ; dB/Dk = — da/dw) are valid. If k is small, 
we can develop « and $ for a given w into a Taylor's series 
in $, and break off after the second term ; obtaining finally, 
with the help of the above C.—-R. equations, the results 
a(k) = a(0) + k . dlo) dw and glk) = Blo) — k . Ia(0)/du, 
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so that the actual attenuation equivalent is greater 
than the ideal by the term  . 08(0)/dw, and the actual 
phase constant is smaller than the ideal by the term 
k . da(0)/dw. Both the supplementary terms are easy 
to calculate when the properties of the ideal network are 
known. 

The objection to the above method lies in its assumption 
that y = p, which is hardly ever true; generally p is 
much larger than y. If in this case we put k = }(p + y), 
the above results are considered to hold good to a. first 
approximation ; the neglected inequality of y and p 
only produces a slight displacement of frequency. The 
writers illustrate the application of the method by the 
calculation of a simple (basic-type) low-pass filter (Fig. 1) : 
“by further examples not given in the summary, including 
a low-pass filter of the transformed type, they show that 
it can be applied successfully also to networks with compli- 
cated a.and ĝ characteristics. 

(B). From the Cauchy—Riemann equations already 
given, two Laplacian differential equations are obtained : 
02a/Dk? + Vadu? = o and 928/dk? + 97B/Iw? = 0. For 
small values of the differential quotients da/dk, etc., it 
can be shown that the differential equation of the ‘‘ soap- 
bubble film ” (“ minimum surface’), and also that of 
the rubber membrane, are practically the same as the 
Laplacian equations. Here, as with the latter, the 
solution for the interior of a closed space curve is deter- 
mined unequivocally by the values of the function at the 
edges, so that if the edge curves are known, the a(k,w) 
‘and B(k,w) surfaces can be represented by soap-film or 
rubber membrane. As, however, the assumption of slight 
slopes for the « and § surfaces is hardly fulfilled, an exact 
picture is not to be expected, but only a general idea. 
The method is illustrated by application to the same 
basic-type low-pass filter as before: Figs. 2, 4 show 
rubber-membrane models, while Fig. 3 shows the soap- 
film model corresponding to Fig. 2. “ The original paper 
contains, besides further interesting examples of the 
application of this mode] method, some brief remarks on 
the internal connection between attenuation equivalent 
and phase constant.” 


1890. ON THE EQUIVALENT DIAGRAM OF A BRIDGE Con- 
NECTION WITH NON-IDEAL DIFFERENTIAL TRANS- 
FORMER [Auto-Transformer & Two-Winding Trans- 
former : Diagrams taking into account the Leakage, 
Leak Inductance, etc., Neglected in Simple Equiva- 
lent Diagrams but often Not Negligible, particu- 
larly in Wide-Band Working : Simplified Diagrams 
obtained by treating High, Medium, & Low 
Frequencies separately: Experimental Confirma- 
tion: Relation between Attenuation in Stop 
Direction & Attenuation Distortions in Pass 
Direction: Application to Double-Fork Neutral- 
iser]——-A. Dold & G. Kalckhoff. (T7.F.T., Aug. 
1943, Vol. 32, No. 8, pp. 173-180.) 


1891. CORRECTIONS TO ‘‘ NETWORKS WITH PREDETER- 
MINED NETWORK Matrices” [1537 of May and 
T.F.T., July 1943, Vol. 32, No. 7, p. 144 onwards]. 
—W. Bader. (T.F.T., Aug. 1943, Vol. 32t No. 8, 
p. 180.) A large number of author's corrections 
which escaped attention owing to difficult working 
conditions. 


1892. CORRECTION TO EQUATION IN ‘“ RADIO ENGINEERS’ 
HANDBOOK ” AND IN ‘“‘ NETWORK THEORY, FILTERS, 
AND Egua.isers.”—F. E. Terman. (Proc. I.R.E., 
Dec. 1943, Vol. 31, No. 12, p. 656.) The correction 
was wrongly given in the note referred to in 776 of 
March. Fora review of the book see 977 of March. 


1893. “ METHOD FOR THE SOLUTION OF TRANSIENT 
CIRCUITS WHOSE STEADY STATE CAN BE WRITTEN 
BY MILLMAN’s NETWORK THEOREM”: CORRECTION 
To Eguation.—N. E. Polster: Millman. (Proc. 
I.R.E., Dec. 1943, Vol. 31, No. 12, p. 656.) See 
779 of March. 


1894. THE CALCULATION OF TRANSIENT PROCESSES IN 
SIMPLE CIRCUITS WITH VOLTAGE-DEPENDENT 
REsIsTANCES.—H. Meyer. (Brown—Boveri Mitteil., 
Nov./Dec. 1942: short summary, in German, in 
Bull. Assoc. Suisse des Elec., 3rd Nov. 1943, 
Vol. 34, No. 22, p. $.43.) 


1895. PRACTICALCALCULATION OF ELECTRICAL TRANSIENTS 
ON PowER Systems [Method of ‘‘ Zeros & Slopes” 
based on Heaviside Expansion Theorem].—R. D. 
Evans & R. L. Witzke. (Elec. Engineering, Nov. 
1943, Vol. 62, No. 11, Transactions pp. 690-696.) 


1896. A METHOD FOR DETERMINING THE NORMAL MODES 
OF FostEerR’s REACTANÇE NETWORKS [Method of 
finding the Zeros of a Rational Function having 
Alternate Zeros & Poles, if Poles are known, and 
vice versa: Advantage over Other Methods: 
Application to Other Circuits & to Other Rational 
Functions].—W. R. Le Page. (Elec. Engineering, 
Nov. 1943, Vol. 62, No. 11, Transactions pp. 
674-678.) A summary was referred to in 2681 of 
1943. Cf. Maa, 3302 of 1943. 


1897. DERIVING THE PARAMETERS OF FILTErS.—C. R. 
Burrows. (Elec. Engineering, Nov. 1943, Vol. 62, 
No. 11, p. 516.) 

“It is very disappointing to have such authorities as 
Schelkunoff, Slater, and Terman publish the well-written 
books they recently have and still base their derivation 
of the parameters of the ladder-type filter on the full 
section as done by Campbell, the inventor of this type of 
filter, when the half section is so superior pedagogically ’’, 
as indicated in this letter. 


1898. THE DETERMINATION OF THE SHAPE OF A REPETI- 
TION SIGNAL AT THE OUTPUT OF A Banpb-Pass 
Fitter.—P. N. Ramlau.. (Automatics & Tele-. 
mechanics [in Russian], No. 3, 1941, pp. 43-48.) 

A mathematical analysis is given of the transmission 
of a repetition signal through a communication channel. 

It is assumed that the signal consists of a number of 

impulses and that the communication channel has the 

attenuation characteristics of an ideal band-pass filter. 

Methods are indicated for calculating the shape of the 

signal at the output of the channel. 


1899. QUARTZ CRYSTALS WITH ADJUSTABLE FREQUENCY 
[“ Vario-Crystals ’’]—Zobel. (See 1996.) 


1900. ON THE DESIGN OF SCREENING [with Nomogram].— 
K. Nentwig. (E.T.Z., 11th March 1943, Vol. 64, 
No. 9/10, p. 128 oriwards.) 


TRANSMISSION 


1901. THE ULTRA-HIGH-FREQUENCY OSCILLATIONS AND 
THEIR GENERATION [Survey for the Practical Man, 
neglecting Some of the Latest Developments, but 
{ncluding Habicht’s Work on Push-Pull “ Triplet ’” 
Systems of Lecher Wires, compressed into Spirals & 
Rolls (‘‘ Wirbelspule,” primarily for Medical 
Oscillators, 2-8 m wavelengths)].—G. Lohrmann. 
(Bull. Assoc, Suisse des Élec., zoth Oct. & 3rd Nov. 
1943, Vol. 34, Nos. 21 & 22, pp. 649-652 & 686-690 : 
in German.) 
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1902.. GENERATOR FOR ULTRA-SHORT Waves.—“ Patel- 
hold ” Patent Company. (Hochf:tech. u. Elek:akus., 
Sept. 1943, Vol. 62, No. 3, p. 93, Fig. 4.) 

Swiss Patent 222091, applied for 10/11/41. “A 
resonator composed of two coaxial cylinders closed 
on both sides contains two double grids 5, 6, arranged 
diametrically and near a potential antinode: the first is 
used for velocity-modulation, the second for the balancing- 
out of energy. The inner tube acts as the drift tube, and 
may contain a hollow cylinder 11 for additional velocity- 
modulation. The removal of energy is accomplished by 
the probe 12.” 


1903. ARRANGEMENT FOR THE PROTECTION OF ULTRA- 
SHORT - WAVE TRANSMITTERS OR RECEIVERS 
AGAINST MECHANICAL OR WEATHER EFFECTS.— 
W. Kleinsteuber. (Hochf:tech. u. Elek:akus., Sept. 
1943, Vol. 62, No. 3, p. 95, Fig. 12.) 

A Julius Pintsch patent, D.R.P.731 177. The apparatus, 
sunk below ground, is covered by a plate 6 which is very 
transparent to u.s. waves and whose. thickness, in order 
to avoid attenuation or reflection of the beam 3, is made 
equal to N .A/2.1/4/n® — sin*8, where N is a whole 
number, A the wavelength in air, x the index of refraction 


of the plate material, and $ the inclination of the ray. 


direction to the normal to the plate. 


1904. ARRANGEMENT FOR KEYING A HIGH-FREQUENCY 
FEEDER.—K. Schmid. (Hochf:tech. u. Elek-akus., 

Aug. 1943, Vol. 62, No. 2, p. 63.) i 
A Telefunken patent, D.R.P.731 060. “For keying a 
h.f. line connecting a transmitter to its load, a tie-line 
[stub] is used having a length of about à/8 and terminated 
by an oscillatory circuit which is so detuned, inductively 
and capacitively, in the keying rhythm, that its reactance 


in both key positions is equal to the characteristic imped-- 


ance of the tie-line.”’ 


1905. ARRANGEMENT FOR SINGLE-SIDEBAND TRANS- 
MISSION.—K. Kiupfmiiller. (Hochf:tech. u. Elek: 
akus.; Aug. 1943, Vol. 62, No. 2, p. 61.) 

A Siemens & Halske patent, D.R.P.730 416, applied for 
15/11/40. ‘‘ To make the frequency requirements for the 
transmission of telegraphic and television signals, etc., 
only about half as great as in ordinary alternating-current 
telegraphy, the carrier frequency is displaced from the 
middle of the transmitted frequency band. The transient 
process can then be resolved into a rapid and a slow 
component, the latter being suppressed.” 


1906. CRYSTALS OF QUARTZ [Survey of Development].— 
Mason. (See 1995.) 


1907. QUARTZ CRYSTALS WITH ADJUSTABLE FREQUENCY 
[‘‘ Vario-Crystals '’"].—Zobel. (See 1996.) 


1908. MATCHING: III—-TRANSMITTER AERIAL Cour- 
Lincs.—S. W. Amos. (Wireless World, March 
1944, Vol. 50, No.3, pp. 86-87.) For previous 
parts see 1154 of April. 


RECEPTION 


1909. RECEIVING METHOD WITH A MAGNETIC-FIELD 
VALVE WORKED AT ELECTRON - Rorarion Res- 
ONANCE.—H. Jungfer. (E.T.Z., 18th Nov. 1943, 
Vol. 64, No. 45/46, p. 610.) Summary of the paper 
dealt with in 441 of February. 


1910. ARRANGEMENT FOR THE PROTECTION OF ULTRA- 
SHORT-WAVE TRANSMITTERS OR RECEIVERS AGAINST 
MECHANICAL OR WEATHER EFFEcTs.—Kleinsteuber. 
(See 1903.) : 


1911. RECEIVER FOR FREQUENCY-MODULATED WAVES 
[Low Noise Voltage obtained by making the. 
Derived Modulation Voltage control the Receiver 
Band Width so that Small-Frequency-Deviation 
Signals are received with a Narrow Band Width 
and Large-Deviation Signals with a Broad Band 
Width}.—E. H. Plump. (Hochf-tech. u. Elek:akus.,. 
Aug. 1943, Vol. 62, No. 2, p. 63.) A Siemens & 
Halske patent, D.R.P.731 416. i 


1912. RESPONSE OF A LINEAR RECTIFIER TO SIGNAL AND 
NoisE.—Bennett. (See 1883.) 


1913. THE RECTIFYING PROPERTY OF CARBORUNDUM 
[Experimenta] Investigation paying Special Atten- 
tion to the Great Difference between the Green 
& Black Types and the Avoidance of Two Contacts 


in Series—Points neglected even in Recent 
Researches}].—]J. T. Kendall. (Proc. Phys. Soc., 
Ist March 1944, Vol. 56, Part 2, No. 314, 
pp. 123—129.) 


From the Met.-Vick. laboratories. The writer’s results 
with the two types confirm the findings of Gokhberg and 
of Losev that from the direction of rectification the green 
must be classified as an “ excess ’’ semiconductor and the 
black as a “' defect ” semiconductor [sometimes called 
“reduction ” and “‘ oxidation ’’’ semiconductors respec- 
tively ; the former gives a negative Hall constant, and 
increases its conductivity on reduction, which produces 
“ excess °” metal atoms whose valency electrons become 
available for current conduction : the latter type, on the 
other hand, gives a’ positive Hall constant and its ‘con- 
ductivity increases with increasing oxygen : see Hartmann, 
697 of 1937 and back reference. For Wilson’s book, 
referred to in the present paper in this connection, see 
806 of 1940]. N 

Regarding the second point, several recent worke 
have simply clamped their crystals in metal electrodes and 
measured the over-all rectification. “If there is no 
volume rectification this simply gives the difference 
between the rectification at the two contacts, and the 
results can become very misleading. As shown below, 
even a soldered contact does not have under all conditions 
a resistance small compared with that of a cat’s-whisker 
contact.” Fairweather (1242 of 1943) avoids this 
difficulty, but his method is comparatively insensitive, 
especially for small voltages. The present writer uses a 
special fused carbon contact with an exceedingly low 
resistance. 

His measurements show that ‘all the rectification 
takes place at the contact surface, and that any volume 
rectification (if it exists) is a second-order effect.” In his 
final theoretical discussion he states that the cause of 
the ‘‘excess’’- and ‘‘defect’’-semiconductor natures 
of the two types of carborundum is obscure: ‘‘ carborun- 
dum is certainly an ‘impurity’ semiconductor, but 
the identity of the impurities is not known.” Discus- 
sion of various “ barrier-layer’’ theories of contact 
rectification leads tq the conclusion that the current 
theories do not apply satisfactorily to. carborundum : a 
possible solution may be found in Losev’s work, which 
indicated that while the bulk of the crystal may have 
“ defect ” conductivity, the outer layer will have “ excess ” 
conductivity, the “ barrier layer ” occurring at the junc- 
tion. “ It does seem necessary to postulate some sort ‘of 
physical barrier layer, for the formation of an electrical 
barrier seems ruled out by the apparently instantaneous 


’ response of the carborundum rectifier to short impulses.” 


1914. THE SUBSCRIBER’S AUXILIARY UNIT FoR HIGH- 
FREQUENCY TELEPHONE-NETWORK BROADCASTING. 
—Werthmiiller. (See 2056.) 
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1915. INDUSTRIAL INTERFERENCE : THE CHANCE THAT IS 
BEING MussEp.—‘ Diallist.”” (Wireless World, 
March 1944, Vol. 50, No. 3, p. 94.) 

Supplement (prompted by I.E.E. addres by Chairmar 
of Installations Section) to the argument dealt with in 
1189 of April. “. 3 twenty-four different appii- 
ances intended to be plugged-in to wall sockets. And, of 
these, nine at any rate are well-known causes of 
interference,’’ while even the long list makes no mention 
of many sure-to-be-popular appliances, notorious as 
interferers, such as the shaver, the egg-whisk, and the 
cocktail shaker. The exceptional nature of the present 
opportunity is stressed. 


1916. Uskon RussBer [Synthetic Material with Volume 
Resistivities down to 5000 Ohms/cm? :as Dissi- 
pator of Static Charges, etc.]—U.S. Rubber 
Company. (Review Scient. Instr., Dec. 1943, 
Vol. 14, No. 12, p. 380.) 


On THE OCCURRENCE OF ACOUSTICAL FEEDBACK 
IN SHORT-WAVE RECEPTION WITH HETERODYNE 
RECEIVERS, AND POSSIBILITIES OF HINDERING 
Ir (Mechanical & Electrical Influences on Capa- 
citance-Fluctuations of the Variable Condenser : 
Production of a Frequency-Modulated Oscillation 
in Oscillator : etc.].—W. Piltz. (E.N.T., Jan. 1943, 
Vol. 20, No. 1, p. 17 onwards: short summary in 
Bull. Assoc. Suisse des Eléc., 6th Oct. 1943, Vol. 34, 
No. 20, p. S.41.) 


1917. 


OF. SCREEN-GRID TUBES TO 
IMPROVE THE STABILITY OF INTERMEDIATE- 
FREQUENCY AMPLIFIERS.—C. A. Hultberg. (Proc. 
I.R.E., Dec. 1943, Vol. 31, No. 12, pp. 663-665.) 

“ The original s.g. tube, by virtue of its low grid/plate 
capacitance, was intended to eliminate the need for 
neutralisation. Subsequent improvements in tubes and 
circuits has brought about such high possible gain-levels 
that even the small grid/plate capacitances again provide 
‘sufficient [wrongly printed “insufficient ’’] reaction to 
make the application of Hazeltine’s principles [published 
when s.g. valves were not available] advantageous.” 
Practical means for injecting the necessary phase-opposed 
voltage are described and a few of the limitations outlined. 
“The, advantage of much less frequency shift with 
automatic frequency control or manual gain control, plus 
greater ease of production alignment, is very noticeable 
when several narrow-pass-band stages are cascaded”’, 
and “ in numerous applications it is felt that the increased 
stability obtainable more than justifies the inclusion of 
the additional circuit components required ’’. 


i 
1918. NEUTRALISATION 


1919. Rapiro Data CHARTS : No 15—I.F. TRANSFORMER 
Desicn.—J. McG. Sowerby. (Wireless World, 
March 1944, Vol. 50, No. 3, pp. 82-85.) 


DESIGN CALCULATIONS OF THE THREE-POINT- 
BALANCE CIRCUIT FOR THE TRACKING IN SUPER- 
HETERODYNE RECEIVERS: Part II.—K. Franz. 
(Hochf:tech. u. Elek:akus., Aug. 1943, Vol. 62, 
No. 2, pp. 44-50.) 

“ The process given in an earlier work (3575 of 1942 
{and 3369 of 1943—translation]) for the systematic 
calculation of tracking, which gave tracking curves of the 
type of Fig. 1 in which the four maximum percentage 
errors (two at the ends and two in the interior of the 
reception band) are equal, is here extended. Curves 
are now given for the convenient calculation of the track- 
ing error and for the design of the usual circuit according 
to Fig. 2 for h.f. variations v, and oscillator-frequency 
variations v, conforming to 1.2 Sv, =3.8 and 1 uv, 
Æ v, [the “h.f. variation ” v, is the ratio of the fre- 


1920. 


quencies at the beginning and end of the scale]. In 
this way practically all receivers are covered in which the 
oscillator frequency w, lies above the resonance frequency 
wp, of the h.f. circuits. 

“The curves are also applied to the calculation of 
three-point balancing circuits which depart from the most 
commonly used circuit of Fig. 2: for example, the circuit 
of Fig. 3, which contains supernumerary trimming con- 
densers (i.e. more than are necessary for the. obtaining 
of three-point tracking) but which gives an exact tracking 
at three points and no more than three: and that of 
Fig. 4, with no supernumerary condensers. When the 
usual circuit of Fig. 2 leads to trimmer yalues which 
though possible in themselves are for some reason incon- 
venient, circuit 3 and its variants may provide a way out 
of the difficulty. They might be used, for instance, when 
Circuit 2 offers little chance of introducing temperature- 
compensation, or when the taking into account of various 
unavoidable circuit capacitances makes it necessary to 
use a more complicated equivalent circuit. Finally, 
an extension of the calculating process is given which 
enables the hitherto excluded limiting case of v, = 1 to be 
dealt with in the numerical calculations of the curve 
material ’’. 

It is pointed out at the end of the paper that in the 
tracking of receivers calculated by these formulae, con- 
trary to the older methods, the actual “‘ variation ” of the 
oscillator circuit coincides with its nominal variation, 
while the h.f. circuit is to be detuned, in the initial and 
end positions of the variable condenser, by the amount 
of the tracking errors taken from the curves of Fig. 5 ; 
negatively for the initial frequency (variable condenser 
at its minimum) and positively for the end frequency 
(variable condenser at its maximum). “ Negative” de- 
tuning means that the signal frequency is smaller than the 
resonance frequency. 

As already mentioned, the present paper covers re- 
ceivers in which the oscillator frequency is higher than 
that, of the h.f. circuits. The less common case when this 
is reversed will be dealt with in a supplement. 


1921. RECEIVER WHOSE Low-FREQUENCY STAGES ARE 


USED FOR GRAMOPHONE REPRODUCTION.—H. 
Wilke. (Hochf:tech. u. Elék:akus., Sept. 1943, 
Vol. 62, No. 3, p. 95.) 

A Telefunken patent, D.R.P.732 752, applied for 


28/3/40. “A voltage negative-feedback is provided 
which simply produces the desired frequency character- 
istic for gramophone reproduction (bass reinforcement) 
and is made ineffective for broadcast reproduction : 
it works with a voltage divider (for the amplified alternat- 
ing voltage) which contains the pick-up connected between 
control grid and cathode. The bass reinforcement can 
thus be regulated without affecting the amplification of 
the higher frequencies: the connection described for the 
pick-up produces an equalising effect on its resonance 
peaks.” 

1922. SERVICEMEN’S ORGANISATION [Need for Institute 
or Society, and Creation of ‘ Their Own Stand- 
ards ’’].—S, Goldstein. (Wireless World, March. 


1944, Vol. 50, No. 3, p. 75.) 


AERIALS AND AERIAL SYSTEMS 


THE PLOTTING OF ELECTROMAGNETIC FIELDS BY 
MEANS OF “ Test BopiEs.’’—Goubau. (See 1870.) 


1923. 


CORRECTION TO ‘‘ THE SOLID-CORE COAXIAL CABLE 
AS A  HiGH-FREQUENCY Line ”.—L. Rohde. 
(Hochf:tech. u. Elek:akus., Aug. 1943, Vol. 62, 


1924. 
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No. 2, p. 64.) See 814 of March. The 6 lines 
under Fig. 13 should precede the ro lines between 
Figs. 12 and 13. 


1925. DOUBLE LINES .FOR DEcIMETRIC WaveEs.—E. 
Missler. (Hochf:tech. u. Elek:akus., Aug. 1943, 
Vol. 62, No. 2, p. 63.) 

A Telefunken patent, D.R.P.730 730, applied for 
11/12/40. - ‘‘ To avoid reflection at bends, the spacing 
at those points is so altered, compared with the straight 
parts, that the characteristic impedance remains the same. 
In the case of coaxial lines the inner conductor is bent 
more sharply than the axis of the line, and is displaced 
outwards ’’. 


1926. ARRANGEMENT FOR ELIMINATING THE EFFECT OF 
SHEATH WAVES IN ULTRA-SHORT-WAVE INSTALLA- 
tTions.-H, Schuster. (Hochf:tech. u. Elek:akus., 
Aug. 1943, Vol. 62, No. 2, p. 63.) 

A Fernseh Company patent, D.R.P.731 313. In 
Fig. 6 the screened line linking the dipole to the re- 
ceiver has its inner conductor 2 connected to a point 3 
on the dipole, between a potential node and antinode, 
while the sheath 4 is connected to a potential node on the 
dipole through a lead 5 whose electrical length equals a 
whole multiple of 4/2. 


1927. Group - RADIATOR ARRANGEMENT FOR ULTRA- 
SHort Waves.—J. Pintsch Company. (Hochf : 
tech. u. Elek:akus., Aug. 1943, Vol. 62, No. 2, 
. 63. 

DREE ia applied for 23/8/39. ‘‘The box- 
shaped cavity radiators (Fig. 7, which is printed upside- 
down), with their adjacent walls touching, are coupled 
to the coaxial feeder 6 by the slots 2, and are coupled 
electrically to each other by the windows g in the common 
walls, so that all the radiators oscillate with the same 
amplitude ”. 


1928. ANTENNA ARRAYS AROUND CYLINDERS [for the 
Broadcasting of Ultra-Short Waves: the Effect 
of the “ Support ” (Empire State Building Mooring 
Mast, Chrysler Building Spire, etc.), for Arrays 
of Vertical Dipoles and of Horizontal Dipoles 
with Axes on Circumference of Circle or pointing 
Radially Outwards].—P. S. Carter. (Proc. I.R.E., 
Dec. 1943, Vol. 31, No. 12, pp. 671-693.) 

Including many diagrams showing calculated hori- 
zontal and vertical radiator patterns ; tabulated formulae 
for arrays of all three types, with various numbers of 
elements and fed in several different ways ; and a rigorous 
solution of Maxwell’s equations for a dipole near a long 
perfectly conducting cylinder (using the reciprocity 
theorem to avoid infinite integrals in the terms of the 
Fourier—Bessel series). A final section deals with the 
case of a dielectric cylinder, and briefly with that of 
a cylinder with a complex dielectric constant. Among 
the various practical points brought out is that although 
a nearly circular horizontal pattern may be obtained even 
from arrays of considerable radius, by using a sufficient 
number of units, the radiation at high angles to the hori- 
zon increases greatly with increase in radius: to avoid 
this waste of energy it.becomes necessary to use two or 
more tiers. Cf. Oberhettinger, 1929, below. 


-I929. ON A BouNDARY-VALUE PROBLEM OF THE WAVE 
EQUATION IN CYLINDRICAL COORDINATES [Contri- 
bution to the Problem of the Effect of a Metallic 
Surface on the Field due to a Source of Electro- 
magnetic Radiation near the Surface].—F. Ober- 
hettinger. (Ann. der Physik, 26th June 1943, 
Vol. 43, No. 1/2, pp. 136-160.) 

` Cf. Carter, 1928, above. The paper deals with the 


radiation field excited by an elementary dipole oscillating 
parallel to the axis of an infinitely long metal cylinder of 
circular cross-section. Two very different types of 
reflected wave are obtained, according to whether the 
dipole is inside or outside the cylinder : for the former 
case see also Buchholz, 2402 of 1941, and Weyrich’s paper 
therein quoted. In the present work, Part 1 investigates 
the case of the internal dipole, on the basis of a formula 
(originating from Poincaré) by which the reflected field 
is calculated from the currents flowing along the cylindrical 
shell. The current and field distributions can here be 
represented explicitly by cylindrical and trigonometrical 
functions. It is first shown (eqn. 21) that the current 
distribution on the cylinder surface, due to the dipole, 
is made up from a sum of undamped current waves, 
flowing along the shell in both directions, and a sum of 
exponentially decaying components along the shell. 
Finally, eqn. 23 for A,, gives the vector potential for the 
secondary field. By the addition of this expression to the 
expression for the primary field, A,, in eqn. 10, the 
resultant field A, = A,, + A,, in the internal space is 
fully determined. 

Part 11 deals in a similar way with the dipole outside 
the cylinder, and eqn. 28 gives the current distribution 
and eqn. 32 the resultant field, both in integral form. 
The solution obtained in the form of eqn. 32 is not so 
convenient for numerical evaluation as the final equation 
for the internal dipole, eqn. 23, which took the form of a 
series of terms of products and quotients of tabulated 
functions. But eqn. 32 can, at any rate for large values 
of the distance R of the point of observation from the 
cylinder and dipole, be developed into an asymptotic 
series, the first term of which provides an approximate 
representation of the field. Figs. 6-9 show the calculated 
horizontal radiation patterns for a dipole at a distance 
a from a cylinder of radius A, when a = 5A/4, 3A/2, 7A/4, 
and 2A respectively. 


1930. ANTENNA THEORY AND EXPERIMENT [Comparison 
of Formulae : Discussion of the Local Capacitance 
between the Input Terminals].—S. A. Schelkunoff. 
(Journ. Applied Phys., Jan. 1944, Vol. 15, No. 1, 
pp. 54—60.) 3*7 

“During the past ten years several approximate 
formulas for the input impedance of antennas have been 
obtained by: (1) Siegel & Labus, for cylindrical antennas 
{1934 Abstracts, p. 502}; (2) Hallén, for cylindrical 
antennas [2763 of 1939]; (3) Chu & Stratton, for 
spheroidal antennas [1888 of 1941 (Part 111)]; (4) Schel- 
kunoff, for antennas of any shape [1049 of 1942, and book 
(2295 of 1943)]. The work of Hallén has been extended 
by King & Blake, who published sets of impedance curves 
and tables [423 of 1943: the reference also includes 
Harrison’s paper, 2720 of 1943], and obtained an explicit 
formula for the maximum resistance in the vicinity of 
l = Af2, where / is the length of a vertical antenna just 
above ground. 

“There is substantial disagreement between some of 
these formulas, and while it is possible and legitimate to 
express opinions on the relative goodness of various 
methods of approximation, experiment will have to play 
an important rôle in the decision for some time to 
come... . I can only say that in my judgment the method 
which I presented in references 4 and 5 [/oc. cit.: based 
on approximate calculations of characteristic wave 
functions) will yield more accurate results than can be 
obtained from Hallén’s formula, and that the experi- 
mental evidence, meagre though it is, supports my con- 
clusion. . . .” But Hallén’s basic idea of using an integral 
equation for solving the antenna problem, used in con- 
junction with the method based on characteristic wave 
functions, may yield valuable information. ‘' But first 
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of all Hallén’s ‘method of successive approximations has 
to be revised ; one such revision is given in the following 
paper by Miss Marion C. Gray ” [1931, below]. 


A MODIFICATION OF HALLÉN’S SOLUTION OF THE 
ANTENNA PROBLEM.—Marion C. Gray. (Journ. 
Applied Phys., Jan. 1944, Vol. 15, No. 1, pp. 61-65.) 

Supplementary to Schelkunoff’s paper, 1930, above. 
“It is shown that the introduction of a variable para- 
meter Z(z) in place of Hallén’s 2 = log(4/*/a*) modifies the 
numerical results considerably, and leads to much better 
agreement with experimental evidence ” ; it is pointed 
out that the series for I(z) is still an asymptotic series, 
and it is conceivable that a different choice of parameter 
would prove even better. 


1931. 


1932. TyYPOGRAPHICAL CORRECTIONS TO “ THE DISTRIBU- 
TION OF CURRENT ALONG A SYMMETRICAL CENTRE- 
DRIVEN ANTENNA” [817 of March].—King & 
Harrison. (Proc. I.R.E., Dec. 1943, Vol. 31, No. 12, 


P. 697.) 


THE RADIATION FIELD OF A SYMMETRICAL CENTRE- 
DRIVEN ANTENNA OF FINITE CROSS-SECTION [or 
of Vertical Base-Driven Antennas over a Highly 
Conducting Plane].—C. W. Harrison, Jr, & R. 
King. (Proc. I.R.E., Dec. 1943, Vol. 31, No. 12, 
PP. 693-697.) 

This is the paper referred to in 2721 of 1943: it isa 
sequel to 1932, above. The present approach to the 
problem of determining accurately the distant field of 
such aerials, of unknown “ effective ° cross-section, is 
“first, to plot the observed distribution of current as 
. measured, for example, using a wavemeter ; and second, 
by a judicious application of the formulas for the current 
distribution in moderately thick cylindrical antennas, to 
obtain curves for the square root of the sum of the squares 
of the quadrature components of the current in antennas 
of several different radii. Then, by a curve-fitting process, 
an estimate of the ‘effective’ antenna cross-section is 
made in terms of an approximate equivalent circular cross- 
section (whether the actual cross-section be triangular, 
square, etc.). In this way one has achieved the desired 
end, namely that of obtaining satisfactory approximations 
for the quadrature components of the current in: the 
actual antenna.” The fields obtained in this paper apply 
exactly only to an aerial over a perfectly conducting 
earth: in the case of an imperfect earth the effects of the 
quadrature components of the radial currents flowing 
along the surface of the earth must be superimposed 
(Strutt, 1929 Abstracts, p. 329). 


1933. 


1934. THE RECEIVING ANTENNA, and THE RECEIVING 
ANTENNA IN A  PLANE-POLARISED FIELD OF 
ARBITRARY ORIENTATION.—R. King & C. W. 
Harrison, Jr. (Proc. I.R.E., Jan. 1944, Vol. 32, 
No. 1, pp. 18-34: pp. 35-49.) 

(i) Authors’ summary :—“ After a discussion of the 
general problem of toupled antennas, the distribution of 
current in a centre-loaded receiving antenna with its axis 
in the plane of a linearly polarised electric field is derived. 
Distribution curves are shown for a wide range of lengths, 
thicknesses, and load impedances. A simple ‘ equivalent ’ 
circuit is obtained for the loaded antenna, for determining 
the current in the load. The ‘effective length’ for a 
receiving antenna is defined, and curves are shown for 
a wide range of lengths and several thicknesses. An 
expression for the power transferred to a matched load is 
derived, and curves for computing it are given for 
antennas over the same range of lengths and thicknesses. 
Optimum conditions: are discussed.” 

(ii) Sequel to (i) : ‘it also has an important bearing on 
the determination of the distant electric field of linear 


radiators of non-vanishing radius as analysed in two recent 
papers (1932 & 1933, above).” The analysis in (i) is 
extended to include arbitrary orientation with respect to 
a linearly or elliptically polarised field : thus bringing in 
“the highly important problem of a receiving antenna: 
immersed in an electric field which is the resultant of one 
component due directly to the retarded action of currents 
in the transmitting antenna and of a second component 
due to the retarded action of periodically moving electrons 
in the ionosphere.” The final two sections deal with the 
reciprocal theorem and the distant field of driven aerials, 

and an approximate method of determining the complex 

“ effective length ” of a receiving aerial. 


1935. THE PRINCIPLE OF RECIPROCITY IN ANTENNA 
THeory.—M. S. Neiman. (Proc. I.R.E., Dec. 
1943, Vol. 31, No. 12, pp. 666-671.) 

“ The principle of reciprocity enables us to obtain all 
the characteristics of receiving antennas from the known 
characteristics of the transmitting ones, avoiding involved 
direct computing, and in a very simple manner,” and 
gives “ a convenient criterion for evaluating and explaining 
the peculiarities of receiving-aerial construction as 
compared with that of transmitting antennas, and vice 
versa.” The formulae obtained show that in the case of 
strong interference (long, medium, and fairly short waves, 
where the required signal intensity is determined by the 
interference level and the receiver’s amplifying capacity 
cannot be fully employed), the highest possible directivity 
is of equal importance in the transmitting and receiving 
aerials, the efficiency of the transmitting aerial is of 
considerable importance, whereas that of the receiving 
aerial, and its “ coefficient of exploitation ” (the ratio of: 
the useful power taken from the aerial to the greatest 
useful power which it can give out to a correctly chosen 
load impedance) have no significance. On the other hand, 
for weak interference (very short and ultra-short waves, 
where the useful sensitivity of the receiver is limited by 
internal noises), while both directivities are again of equal 
importance, the efficiency and coefficient of exploitation 
of the receiving aerial are just as important as the 
efficiency of the transmitting aerial. 

It is mentioned in passing that with strong interference, 
in certain cases, sharpness of directivity may be more 
important for the receiving than for the transmitting 
aerial (especially when steps can be taken to provide for 
“dead zones’). The additional way of selection furnished 
by a difference in the planes of. polarisation is not dealt 
with. A final section deals with various non-linearities 
which may play a part in the performance of aerials. 


1936. MATCHING : III—TRANSMITTER AERIAL COUPLINGS. 
—S. W. Amos. (Wireless World, March 1944, 
Vol. 50, No. 3, pp. 86-87.) For previous parts see 
1154 of April. 


1937. THE Use oF HIGH-FREQUENCY CURRENTS FOR 
INDICATING THE STATE OF IcING ON OVERHEAD 
Lines.—E. A. Karpovich. (Automatics & Tele-, 
mechanics [in Russian], No. 3, 1941, pp. 139-149.) 

The theory and practice of using the change in the 
attenuation of an overhead line as an indication of the state 
of icing on it are surveyed. The survey is based mainly 
on foreign sources, although some results of observation. 
carried out in Russia are also reported. 


1938. THE STRAIN ON OVERHEAD COMMUNICATION-LINES 
UNDER IcE LoapinG {with Table for Wires of 
Various Materials, Thicknesses, etc.}.—W. Weiken. 
(T.F.T., Aug. 1943, Vol. 32, No. 8, pp. 171-173.) 


1939. LIMITING AND BREAKING SPANS OF IcE-LOADED 
OVERHEAD TELEPHONE WIRES, and THE HEATING 
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OF AERIALS FOR DE-IcING [without Damage to the 
Mechanical Properties].—-K. Machens: Editorial. 
(Europ. Fernsprechdienst, 1942 : E.T.Z., 11th March 
1943, Vol. 64, No. 9/10, p. 129 onwards: short 
summaries in Bull. Assoc. Suisse des Elec., 8th Sept. 
1943, Vol. 34, No. 18, p. S.36.) 


1940. PLywoop Tuses [“ Plytube,’’ for Aerial Masts, 
etc.].—Plymold Corporation. (Review Scient. Instr., 
Dec. 1943, Vol. 14, No. 12, pp. 380-381.) 


VALVES AND THERMIONICS 


194I. MAGNETRON FOR THE SIMULTANEOUS GENERATION 
oF Two or More FREQUENcIES.—O. Schwede. 
(Hochf:tech. u. Elek:akus., Aug. 1943, Vol. 62, 
No. 2, p. 61.) 

D.R.P.730 246, applied for 2/6/39. “The resonant 
systems consist of short tubular lines, radial to the cathode 
K (Fig. 1) and closed at one end: they are tuned, some 
to the fundamental oscillation and some to the higher- 
frequency oscillation which is to be ‘coupled out,’ and form 
sectors of a composite metal body, their open ends acting 
as the anode segments A, , A,’’: the sketches help to 
make this explanation intelligible. 


1942. ON THE BEHAVIOUR OF ELECTRON CURRENTS IN 
LonGiruDINAL ELEctric FIELDs.—H. W. König. 
(Hochf.tech. u. Elek:akus., Sept. 1943, Vol. 62, 
No. 3, pp. 76-86.) 

“In many cases of practical application the flow of 
electrons may be considered, with good approximation, 
as plane. In such a flow, by the choice of a suitable 
system of coordinates, all field magnitudes except the 
magnetic field strength become dependent only on time 
and on one single coordinate of place. For this reason 
such processes can be described in a comparatively clear 
manner, particularly if each point in space is considered 
to have allocated to it only electrons æf ‘ unequivocal ’ 
velocity, so that overtaking and reversing effects are 
excluded. Such an electron-flow is here spoken of, for 
Short, as ‘ unequivocal.’ 

“ It is the object of the present work to investigate the 
behaviour of an ‘unequivocal’, plane electron-flow, 
starting from the fundamental equations and omitting 
negligible terms only at those points where their omission 
seems necessary for the further development of the 
calculation or desirable in the interest of lucidity. The 
treatment of the problem—in contrast to Miiller’s work 
{1933 Abstracts, pp. 443-444)—is undertaken from the 
standpoint of ‘local’ considerations, as exemplified in 
Euler’s equations of hydro-mechanics. To limit the length 
of the paper, elemeritary intermediate steps in the calcula- 
tion are passed over, while more space is devoted to the 
physical interpretation of the results.” 

Author’s summary :——“ Starting with the fundamental 
equations [defining the electromagnetic field in the 
presence of charge-carriers : for the three vectors involved 
(the electric and magnetic field strengths and the carrier 
velocity) there are available the two Lorentz field equa- 
tions and the Jaw of force. Representing the specific 
charge of the carrier by k, these three equations may be 
written e, . 01E/d¢ + e, v div $= rot ©, — po - d/d = rot E, 
and o/d = k {E + p,[vH]}, if the mass variability is 
neglected], the differential equations of a plane electron 
flow are derived [eqn. 2 for E and v], and from these 
{by a technique given by Courant & Hilbert] its 
general integral is obtained [eqn. 18]. In this there 
appear two arbitrary functions, whose determination 
involves the taking into account of two boundary condi- 
tions. They require that at a point of discontinuity in 
the flow, due to the introduction therein of an_ideal 
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electrode (grid), the velocity and density of the charged 
particles suffer a uniform transition. 

“ The electric field strength F and velocity u appear in 
the solution as functions of the phase angle ¢= wt and 
of a parameter y% which is linked to the ‘ virtual’ path- 
time angle z = wx/v, [so termed to distinguish it from 
the actual path-time angle 4 — ý, : top of p. 81], and also 
to the phase angle, by the ‘ path-time equation ' [eqn. 23}. 
The quantity 4 represents in every case the actual path- 
time angle. The investigation of the ‘ path-time equa- 
tion’ as to the unequivocal nature of its solution with 
respect to % leads to the condition of the ‘ unequivocal ’ 
electron flow. ; 

“ As an example of application, an arrangement is 
considered in which a pure electron current J, has super- 
posed on it an alternating current J sin ¢. The condition 
for ‘ unequivocal’ flow leads to a relation between the 
current modulation p = I/I,, the d.c. field strength at 
the point of entry of the electrons, and the ‘virtual’ 
path-time angle z, while the flow is subjected to the 
alternating field. This relation is closely connected with 
the position of the branching-point of the Riemann 
surface [Fig. 6] associated with the inversion function of 
the path-time equation, 

“With the help of Lagrange’s inversion law [ref. “ 5’, 
and eqns. 45, 46] the path-time equation is solved, and 
from the power-series representation thus obtained a 
rapidly converging series of functions [eqns. 56, 58] is 
derived by a series-transformation process [p. 83, r-h 
column]. With the help of this rapidly converging series 
the potential at the electron path and the efficiency of 
the energy. conversion are determined. In a particular 
numerical example an efficiency between 12 and 15% is 
found”. Similar values are given by Müller & Rostas 
and by Kleinsteuber (406 & 1010 of 1942: 3229 of 1942) : 
“ the calculations given in these-papers differ from the 
present work chiefly in neglecting the space charge”. The 
paper comes from the valve laboratory of the ‘‘ Werner ” 
Works for radio apparatus, of Siemens & Halske. 


1943. THEORETICAL LIMITATION TO TRANSCONDUCTANCE 
IN CERTAIN Tyres oF Vacuum TuseEs [where 
Space-Charge Effects play No Important Part 
(“ Deflection ” and ‘‘ Stopping-Potential '' Valves 
using Electric or Magnetic Control): Limits 
imposed by Thermal-Velocity Distribution].— 
J. R. Pierce. (Proc. I.R.E., Dec. 1943, Vol. 31, 
No. 12, pp. 657-6063.) $ 

Among various points brought out, the transconductance 

of a deflection tube cannot be increased indefinitely by the 
use of electron-optical means for amplifying the deflec- 
tion : except for aberrations, the limiting transconductance 
of such a tube is quite independent of the nature of the 
fields between the deflection region and the cut-off edge : 
from the point of view of gain and band-width, magnetic 
control is definitely inferior to electric, for any operating 
voltages likely to be encountered : for the special stopping- 
potential valve of Fig. 8, the calculated limiting trans- 
conductance (inserting plausible values into eqn. 37) is 
Em = 563 000 X 10-*mho; of the three main reasons 
“ why such startling values will not be attained in actual 
tubes” the most important is probably the effects of 
aberration, mis-alignment, variation of contact potential 
over the electrodes and of potential over the grids, in 
making the location and shape of the “ sorting surface ” 
vary throughout the beam. 


1944. ON SPATIALLY PERIODIC DISTRIBUTIONS OF FREE- 
FALLING Ions AND ELEcTRoNS.—W. O. Schumann. 
(Zeitschr. f. Phys., ust Oct. 1943, Vol. 121, No. 11/12, 
pp. 629-646.) 

“Tf, into a high-vacuum space, there enter on one side 
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ions and on the other side electrons, it is well known that 
according to the values of the current-densities, entrance 
velocities, and applied voltages, very varied distributions 
of field strength, carrier densities, etc., may be formed in 
the space.” Well-known examples are the case of the 
Langmuir “‘ double-layer ” and the positive-charge layer 
in front of the cathode, also dealt with by Langmuir. 
“ If the phenomena are investigated for somewhat more 
general conditions, the interesting result is found that 
spatially periodic distributions are also possible: these 
are described in the following pages'’. For other recent 
work by the same writer see 785/6 of March. 


1945. CALCULATION OF GRID CONTROL IN ELECTRONIC 
VALVES BY MEANS OF AN EQUIVALENT REPRE- 
SENTATION.—F. W. Gundlach. (Arch. f. Elektrot., 
31st Oct. 1943, Vol. 37, No. 10, pp. 463-477.) — 

“ In the theoretical treatment of the processes in grid- 
controlled valves it is in general customary to replace 
the discharge space, divided up by the grid, by two diode 
gaps in series. This method can be applied with success 
whenever the grid structure is not important for the 
functioning of the valve; that is, when electron-optical 
effects at the bars of the grid do not seriously influence 
the distribution of flow. If space-charge or transit- 
time effects, or both together, appear in the valves, the 
dividing of the discharge space into equivalent diodes is 
the only serviceable solution, since at present it is only 
for diode gaps that the behaviour of the electron flow has 
been solved mathematically. 

“ The equivalent-diodes procedure is specially popular, 
in the literature, for the case where a space-charge cathode 
faces a grid and, beyond this, other electrodes. When it 
is merely a matter of calculating the magnitude of the 
cathode current, a large*number of possible solutions are 
available for determining, from the geometrical dimensions 
of the valve and from the applied voltages, the electrode 
spacing and effective voltage for the equivalent diode 
(cathode/grid equivalent surface): cf. Benham, 148 
[and 1388] of 1939, and Scheel, 1443 of 1935, and the 
literature references therein. When, on the other hand, 
the transit-time relations of the electrons have also to 
be reproduced correctly in this equivalent diode, there is 
only one possibility of solution. The same is true when 
space-charge effects between two grids have to be calcu- 
lated, or when the equivalent-diodes diagram has to 
represent correctly also the individual component capaci- 
tances between various grids. 

“The following considerations will show that it is 
possible to replace the grid of a valve by equivalent 
planes in such a way that the transit-time and field rela- 
tions remain correct. The procedure also enables a 
particularly simple calculation of the penetration co- 
efficient (durchgriff), agreeing in its results with the values 
known from the literature. With the help of this equi- 


valent-diagram representation (numerical values for which ` 


are given in the case of grid designs in specially frequent 
use) space-charge and transit-time effects can readily 
be surveyed, as will be seen from two examples”: a 
footnote mentions that Llewellyn’s paper, 552 of 1936, 
deals with the transit-time problems in grid-controlled 
triodes with the assistance of a similar, but simplified, 
equivalent-diagram representation. 

Author’s summary :—‘‘ A plane grid may be repre- 
sented as equivalent to two electron-transparent planes 
arranged parallel to each other at a distance d,, con- 
ductively linked to each other and connected through a 
‘capacitance C, to the grid terminal. The values- of 
C, and d, depend simply on the geometrical construction 
of the grid and are independent of its environment so 
long as the neighbouring electrodes do not come too close 
to it. Similarly, a cylindrical grid may be replaced by 


. ponent capacitances between the electrode 


two coaxial conducting cylindrical surfaces, and a spheri- 

cal grid by two concentric conducting spherical surfaces. 

“ For plane grids with [round] parallel bars, for plane 
meshed grids, and for cylindrical [round-] bar grids, 
values for C, and d, are given [in both the first two cases 
it is seen from eqns. 9 and 13 for d, that the value of d, 
is such that the volume between the two conducting 
planes equals twice the volume of the whole amount 
of wire used in constructing the actual grid. In the 
first case, eqn. 11 for C, can be written as at the top of 
P. 469, showing that C, may be regarded as a cylindrical 
condenser in series with a parallel-plate condenser; in 
a rough physical interpretation the former may be taken 
as representing the capacitance between the grid bars 
and the mid-plane of the grid, the latter as representing 
the capacitance between the mid-plane of the grid and 
the equivalent surfaces. In the case of the plane meshed 
grid there is a second cylindrical condenser in parallel 
with the first, due to the bars in the other direction. 
For the more complex case of the cylindrical grid see 
PP. 471-472]. The diode gaps formed from the conduct- 
ing equivalent surfaces of the grid and from the metallic 
surfaces of cathode and anode, represent—in the absence 
of any electron currents—capacitances which, together 
with the equivalent grid capacitance C,, form the electro- 
static equivalent diagram of the valve. From this 
equivalent diagram it is possible to derive all the com- 
terminals, 
and also the value of the ‘ durchgriff.’ The voltages on 
the equivalent surfaces are the effective voltages acting 
on the grid. 

“ If, on the other hand, the diode gaps are traversed 
by electrons, they represent complex resistances. The 
effective voltages then coincide no longer with the electro- 
static values, but they can be obtained by elementary 
calculation from the equivalent-diagram representation, 
as is shown for the [plane-electrode] triode in two ex- 
amples ” (pp. 474-477, the second example dealing with 
ultra-high frequencies]. 

1946. THE PLOTTING OF POTENTIAL FIELDS IN THE 
ELECTROLYTIC TRouGH.—R. Strigel. (Bull. Assoc. 
Suisse des,Elec., 15th Dec. 1943, Vol. 34, No. 25, 
p.S.51: short summary, in German, from Arch. 
Sf. Tech. Messen, Feb. 1943, Vol. 13, Part 140.) 


1947. THE SURVEYING OF ELECTROSTATIC FIELDs [by 
the Toepler Method of Striae (Schlieren Method) : 
Determination of Field Strength with the help of a 
Glow-Discharge Tube: the Making Visible of the 
Field Picture in an Insulating Liquid: Field 
Shape determined with the help of a Membrane : 
Field Picture made Visible by Pulses of Very 
Short Duration] —R. Strigel. (Bull. Assoc. Suisse 
des Elec., 15th Dec. 1943, Vol. 34, No. 25, pp S.51- 
52: short summary, in German, from Arch. f. 
Tech. Messen, June 1943, Vol. 13, Part 144.) 


1948. NEGATIVE Ions 1N CATHODE-Ray TUBES, AND 
THEIR CONNECTION WITH THE OXIDE-CATHODE 
MECHANISM.—Schaefer & Walcher. (See 2003.) 


1949. SPECTROGRAPHIC DETERMINATION OF THORIUM 
IN TUNGSTEN FILAMENT Wire [over Range from 
1.0% to 2.0%: Development-of Method & Routine 
Control Analyses] —S. L. Parsons. (Journ. Opt. 
Soc. Am., Dec. 1943, Vol. 33, No. 12, pp. 659- 
662.) From Sylvania Products, Inc. Chemical 
analysis is rather slow owing to the difficulty of 
” putting tungsten into solution. 


1950. New TuNGsTEN Process (Crystalline Tungsten 
obtained directly from Ore by Electrolytic Pro- 
cess] —C. G. Fink{& C. C Ma. (Sci. News Letter, 
22nd Jan. 1944, Vol. 45, No. 4, P. 52.) 
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1951. THERMAL AND ELECTRICAL CONDUCTIVITIES OF 
TUNGSTEN AND TANTALUM.—Cox. (Phys. Review, 
st/15th Oct. 1943, Vol. 64, No. 7/8, pp. 241-247.) 


Zirconium [Applications & Production: the 
Philips Process for Ductile Zirconium].—Foote 
Mineral. (Review Scient. Instr., Dec. 1943, Vol. 
14, No. 12, pp. 379-380.) Apart from its employ- 
ment as a getter, its low secondary emission 
suggests a considerable use for valve grids. Other 
applications are mentioned. For a Japanese 
paper on the metal see 1696 of 1942: and cf. 
829 of March. 


ON THE MIGRATION OF INERT GASES THROUGH 
MetTats [Investigation prompted by Recent 
Observations of the Taking-Up of These Gases by 
the Glow-Discharge Cathode].—W. Lumpe & R. 
Seeliger. (Zeitschr. f. Phys., 24th Aug. 1943, 
Vol. 121, No. 9/10, pp. 546-559.) 


THE ACTIVATION OF THE PALLADIUM [Wire] 
SURFACE BY MEANS OF THE GLow DISCHARGE.— 
R. Ulbrich. (Zeitschr. f. Phys., 1oth Aug. 1943, 
Vol. 121, No. 5/8, pp. 351-376.) 


1952. 


1953. 


1954. 


DIRECTIONAL WIRELESS. 


ARRANGEMENT FOR THE SIMULTANEOUS DETECTION 
AND LOCATION IN SPACE OF SEVERAL THREE- 
DIMENSIONAL Movinc OsjJects.— E. Monti. 
(Hochf:tech. u. Elek:akus., Sept. 1943, Vol. 62, 
No. 3, p. 96.) 

D.R.P.731 799, with priority of 31/1/36. “‘ The equip- 
ment, which works on the re-radiation principle, includes 
two directional receivers continuously rotated on two 
axes at right angles to each other, in combination with 
two cathode-ray tubes in each of which the ray scans its 
screen in parallel lines once in every half-revolution of 
its particular receiver, so that every line corresponds to 
a definite angular region of the rotation of that receiver. 
By means of intensity modulation of the cathode rays, 
only those parts of the lines which are scanned during the 
reception of radiation are made visible. A mirror arrange- 
ment combines the two screens into a single image, in 
which the two scanning directions are at right angles to 
each other and each object located has corresponding to 
it a ‘line cross’ defined by space coordinates, Alter- 
natively, both cathode rays may scan a common screen 
in directions at right angles to each other”. 


1955. 


1956. METHOD AND EQUIPMENT FOR DETERMINING THE 
Exact D.F. Minimum.—G. Guanella. (Hochf:tech. 
u. Elek:akus., Sept. 1943, Vol. 62, No, 3, p. 96.) 
Swiss Patent 221 970. “ For obtaining the exact d.f. 
minimum by the comparison of two signal-magnitudes, 
the first signal, dependent on direction and requiring to 
be adjusted to a minimum, is combined with a second 
signal, also direction-dependent and obtained from the 
same point in such a way that it reaches a maximum as 
the first signal passes through its minimum, and is small 
for waves coming in laterally to the bearing direction. 
From these combined signals a control magnitude is 
derived which corresponds to the mean value (in time) 
of the product of both -signal-magnitudes, and thus to 
small bearing errors in size and sign, while being little 
influenced by laterally incident disturbing waves such as 
would falsify the minimum. The two signal-magnitudes 
may be derived from two frame aerials or goniometer 
coils at right angles, rotatable about a common axis: 
for obtaining the correcting magnitude the two signals 
may be intermodulated with each other or taken to a 
wattmeter system”. 
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1957. DiRECTION-FINDING AERIAL SYSTEM [Frame Aerial 
having, Symmetrically along Its Winding-Axis, a 
Dipole whose Capacitance is Increased by “ Stars ” 
of Wires at the Ends, which upset the Magnetic 
Field less than End Discs].—F. Bergtold. (Hochf: 
tech. u. Elek:akus., Aug. 1943, Vol. 62, No. 2, p. 63, 
Fig. 5.) A Telefunken patent, D.R.P.730 798. 


1958. GONIOMETER [Design & Arrangement of Field & 
Search Coils to give Specially Small Dimensions 
for Whole Instrument].—R. Lüderitz. (Hochf-tech. 
u. Elek-akus., Aug. 1943, Vol. 62, No. 2, P. 64, 
Fig. 10.) A Telefunken patent, D.R.P.731.418. 


1959. ‘‘ PRINCIPLES OF AERONAUTICAL RADIO ENGINEER- 
ING ” [Book Review].—P. C. Sandretto. (Wireless 
World, March 1944, Vol. 50, No. 3, pp. 79-81.) 

_ A previous review was referred to in 1899 of 1943. 


ACOUSTICS AND AUDIO-FREQUENCIES 


1960. SOUND STROBOSCOPE [Patent for Acoustical Counter- 
part of the Stroboscope].—L. M. Kurtz. (Journ. 
Acous. Soc. Am., Jan. 1944, Vol. 15, No. 3, 
pp. 196-197.) Assigned to the General Electric 
Company. 


1961. ON THE MODE OF ACTION OF THE ROCHELLE-SALT 
TORSIONAL STRIP IN THE DIRECT AND THE REcIP- 
ROCAL PIEZOELECTRIC Errects.—H. Keller. 
(Hochf:tech. u. Elek:akus., Sept. 1943, Vol. 62, No. 3, 
pp. 66-73.) 

A previous paper (75 of 1943: for other work by the 
same writer see 2393 of 1942 and 1138 of 1943) dealt with 
the flexural strip. Like this, the torsional strip in its most 
commonly employed form is made up of two plates of 
similar dimensions and similar crystallographic orienta- 
tions. Its most important technical application is in 
sound pick-ups and sound recorders (see 1962, below), but 
it should also be useful in measuring technique for the 
investigation of torsional vibrations. 

The writer begins by giving the appropriate part of 
Voigt’s theory of the torsional elasticity of a crystal 
cylinder and the assumptions made in order to apply it 
to the present problem. The application then follows. 
Owing to the symmetrical properties of the hemihedral 
group of the rhombic crystal system and to the elongated 
cross-section of the double plates in question (for a fair 
amount of capacitance is desirable in order to avoid too 
high a reactance, and this capacitance is proportional 
to B/D, the breadth/thickness ratio of the combined 
strip), simplified elastic relations are obtained by the 
satisfactory approximation which is established between 
the elastic behaviour of the parallelepiped torsional strip 
and the more easily analysed cylinder of elliptical cross- 
section. 

The treatment in the main part of the paper is confined 
to the case where the: torsional axis is parallel to the 
crystallographic axis c (Figs. 2, 3), but in the final section 
it is shown that the alternative case, where it is parallel 
to the other crystallographic axis b, can be dealt with 
similarly and will yield similar results. Even the changes 
in the indices of the elastic and piezoelectric parameters 
which would seem to be called for by the rotation of the 
coordinate system are shown to be unnecessary, so that 
the formulae originally obtained apply to both the possible 
orientations. | Where these latter do differ, however, is 
in mechanical strength, for the crystallographic plane 
{oor} of the Rochelle-salt crystal is a “ preferred ” plane 
of splitting ; in general, therefore, it is advisable to keep 
this plane parallel to the longest, dimension of the torsional 
strip. 


1962. 


1963. 


1964. 


1965. 


1966. 


1967. 


1968. 
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New PIEZOELECTRIC DEVICES oF INTEREST TO THE 
MoTion-PicTURE INDUSTRY, and NEw MorTion- 
PICTURE APPARATUS : A NEW RECORDING MACHINE 
COMBINING Disc RECORDING AND MAGNETIC 
RECORDING, WITH SHORT REFERENCE TO THE 
PRESENT STATUS OF EacH.—A, L. | Williams: 


S. J. Begun. (Journ. Soc. Mot. Pic. Eng., Vol. 32, 
1939, p. 552 onwards: Vol. 35, 1940, p. 507 
onwards.) Referred to in 1961, above. 


A MULTIPLE-PLATE DOUBLE-PYRAMID CRYSTAL 
SYSTEM WITH LINEAR CHARACTERISTIC, . FOR 
SounD RECORDING AND REPRODUCTION.—E. Burk- 
hardt. (Hochf:tech. u. Elek:akus., Sept. 1943, 
Vol. 62, No. 3, p. 96, Fig. 15.) An A.E.G. 
patent, D.R.P.732 899. The double hollow pyramid 
is built from triangular plates so arranged that they 
act together in tending to flatten or sharpen the 
pyramids. 


Dynamic LOUDSPEAKER WITH METALLIC VIBRAT- 
ING ELEMENT [Removal of Heat from Metallic- 
Tube Element improved by Extending the Middle 
and/or Outer Poles with Non-Magnetic Highly 
Conductive Metal, to equal the Length of the 
Tube].—S. Sawade. (Hochf:tech. u. Elek-akus., 
Sept. 1943, Vol. 62, No. 3, p. 96.) A Telefunken 
patent, D.R.P.732 959, applied for 28/7/40. 


CONTROL ORGAN FOR COMPRESSED-AIR LouD- 
SPEAKER [Air Path divided into Long, Narrow 
Channels by Aerodynamically Designed Partitions 
whose .Shape is. varied by the Modulation].— 
O. Vierling. (Hochf:tech. u. Elek:akus., Sept. 1943, 
Vol. 62, No. 3, p. 96.) D.R.P.733 305, applied for 
14/5/39. 


IMPROVED LOUDSPEAKER INSTALLATION AT LIVER; 
POOL STREET [with Automatic Adjustment of 
Volume of Loudspeaker Groups in relation to Noise 
Level in Their Vicinity].—Central Rediffusion 
Services. (Engineer, 18th Feb. 1944, Vol. 177, 
No. 4597, p. 138: Engineering, 18th Feb. 1944, 
Vol. 157, No. 4075, p. 140.) See also Wireless 
World, March 1944, Vol. 50, No. 3, pp. 73-74- 


New TYPE oF ANNULAR SOUND DISTRIBUTOR 
GIVING UNIFORM DISTRIBUTION OVER HORIZONTAL 
PLANE OF 360° & VERTICAL PLANE OF ABOUT 40° 
[Loudspeaker ‘‘combining Molecular Reflection 
& Collision instead of Collision Alone '’].—Langevin 
Company. (Gen. Elec. Review, Jan. 1944, Vol. 47, 
No. 1, p. 61.) 


METHOD oF REDUCING THE AcousTIC FEEDBACK 
BETWEEN MICROPHONE AND LOUDSPEAKER.— 
L. Bialk & G. Stephanus. (Hochf:tech.u. Elek-akus., 
Sept. 1943, Vol. 62, No. 3, p 


P- 94.) 
A Telefunken patent, D. R.P. 732 247, applied for 26/4/41. 
The sound field existing in the room is represented optically 
(for example on the screen of a c.r. tube) by the use of a 


note-frequency 


spectrometer. This frequency/sound- 


pressure curve is scanned and made to yield, by photo- 
electric means combined with a synchronously varied note 
generator, a control voltage for reducing the resonance 
peaks by introducing the necessary amounts of damping 
into the transmission path. 


1969. 


Two-Way-WorkING INTERCOMMUNICATION INSTAL- 
LATION WITH LOUDSPEAKERS, AS A COMPONENT OF 
MODERN BUSINESS ORGANISATION [Description 
of the ‘‘ Vivavox ’’ System, by which Conversation 
is possible at Considerable Distances from Micro- 


1970. 


1971. 


1972. 


1973. 


1974. 


1975- 


1976. 


1977. 


1979. 


1980. 


1981. 
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phone/Loudspeaker Units) —(Schweizer Arch. f. 
angew. Wiss. u. Tech., Nov. 1943, Vol. 9, No. 11, 
Supplement pp. 13-16.) 


RECORDING AND REPRODUCTION oF SouND [I.E.E. 
Wireless Section Discussion].—G. F. Dutton & 
others. (Electrician, 3rd March i944, Vol. 132, 
No. 3431, p. 182: summary only.) Fora longer 
summary see Wireless World, April 1944, Vol. 50, 
No. 4, pp. 114-115. 


On A DEFORMATION OF THE MERCURY-VAPOUR 
DIRECT-CURRENT HIGH-PRESSURE ; ARC BY A 


SUPERPOSED ALTERNATING CURRENT. — Koch. 
(See 2110.) 
Exit THE “‘ TONE-ARM ” [and Editorial Preference 


for Lowden’s “ Pick-Up Arm ” over All Other 
Suggestions].—(Wireless World, March 1944,Vol. 50, 
No. 3, pp. 74-75.) A letter from A. C. Robb, and 
an Editorial note closing the correspondence dealt 
with in 1227 of April. 


“MANUAL OF Direct Disc RECORDING ” [Book 
Review].—D. W. Aldous. (Wireless World, March 
1944, Vol. 50, No. 3, p. 85.) This is. the book 
referred to in 1226 of April. 


RECEIVER WHOSE LowW-FREQUENCY STAGES ARE 
USED FOR GRAMOPHONE REPRODUCTION.—Wilke. 
(See 1921.) 


NEw COonNTRAST-EXPANSION CIRCUIT: APPLYING 
THE PRINCIPLE OF THE CATHODE FOLLOWER.— 
Felix. (See 1881.) 


WHAT 1s SYNTHETIC SounpD? [Wireless World 
Brains Trust Discussion, prompted by 1230 of 
April] —H. W. Page: Editor. (Wireless World, 
March 1944, Vol. 50, No. 3, p. 91.) 


EXPERIMENTS ON Dr. POHLMAN’S MECHANICAL 
HEARING Arps [the Diaphragm-Rod Prosthesis 
& the Acoustic Probe]—K. Lowy & N. Gross: 
Pohlman. (Journ. Acous. Soc. Am., Jan. 1944, 
Vol. 15, No. 3, pp. 160-163.) Using the same 
technique (measurements of the electrical potential 
in cats) as in the investigation of the pellet type of 
artificial drum (2702 of 1942). 


. Ear DEFENDERS [Account of Development & 


Testing of 50 Types, leading to Three Final 
Recommended Models, All using Neoprene, One 
having Pressure Equalising Insert]_—N. A. Watson 
& V. O. Knudsen. (Journ. Acous.- Soc. Am., 


Vol. 15, No. 3, pp. 153-159.) 


THE GROWING APPRECIATION OF Music AND Its 
EFFECT UPON THE CHOICE oF Music IN INDUSTRY. 
—A. Pepinsky. (Journ. Acous. Soc. Am., Jan. 


1944, Vol. 15, No. 3, Pp. 176-179.) Cf. 3063 of 1943. 


” 


Some EXPERIMENTS ON AN “ELEPHANT” BELL 
[Design giving Auditory Impression of a Much 
Lower Pitch than the Size and Actual Component 
Frequencies would appear Capable of Producing].— 
H. D. Brailsford. (Journ. Acous. Soc. Am., Jan. 
1944, Vol. 15, No. 3, pp. 180-187.) 


A MACHINE FOR HARMONIC SYNTHESIS [Simple Ink- 
Recording Apparatus with Oil-Filled Cylinders 
having Cam-Driven Pistons].—A. Shilton. (Proc. 
Phys. Soc., ist March 1944, Vol. 56, Part 2, No. 314, 


Pp. 130-132.) 
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1982. THE’ PERMEABILITY OF Dynamo SHEEP IRON 
Type IV at Nore FREQUENCIES.—Feldtkeller. 
(See 2043.) 


1983. THE PROBLEM OF REDUCTION OF VIBRATIONS BY 
USE OF MATERIALS OF HicH DAMPING CAPACITY 
fand Methods reconciling High Damping with 
High Mechanical Quality]—A. Gemant. (Journ. 
Applied Phys., Jan. 1944, Vol. 15, No. 1, pp. 33-42.) 


1984. THE Sound FIELD OF A RADIATOR IN A LAYER OF 
MEDIUM WITH ACOUSTICALLY “‘ SOFT ” AND Acous- 
TICALLY “ HARD ” BOUNDARIES (e.g. Water Medium 
bounded by Air & Hard Ground respectively].— 
H. Stenzel. (Aun. der Physik, 26th June 1943, 
Vol. 43, No. 1/2, pp. 1-31.) 

Author’s summary :—‘‘ Using the method given by 
R. Weyrich in a paper on the propagation of electro- 
Magnetic waves (1928 Abstracts, p. 516), the present work 
derives general formulae for the sound field of a radiator 
in a layer of medium bounded by two planes, which may 
be either acoustically hard or soft. For the calculation 
of the near field on the axis of symmetry the general 
formulae are not competent [eqns. 14 a-d, which are 
generally valid so long as r, one of the cylindrical co- 
ordinates of the point of observation, is not zero: when 
it is zero, the formulae fail owing to the Hankel function 
H. (kyr) becoming infinite} and a special investigation 
is necessary [using the mirror-image principle : section 2]. 

“ As a practical example, the case of a thick layer of 
medium is first worked out, only a single, acoustically 
soft boundary being considered [radiator below the surface 
of deep water, so that the influence of the ground boundary 
can be neglected and only that of the “ soft ’’ air boundary 
taken into account]; the sound field is represented 
graphically for the cases where the depth of the radiator 
below the surface is d = A,/2, Ao, 3A,/2, and 2A, [Figs. 5-8]. 
Next, the sound field along the axis of symmetry is calcu- 
lated for a shallow layer of medium (depth k = A,/2, À» 
3A,/2, 2A,, and 10A,) for a radiator at a distance z, = 0.9h 
from the acoustically hard ground, the upper boundary 
being soft. The results are represented graphically 
(Figs. 10, 9, 11, 12 (incorrect caption), and 13]. Finally, 
the formulae are derived for the radiated acoustical output 
in the case of a soft upper boundary and a hard lower 
boundary, and are illustrated by individual examples”’. 
On the assumption that for the four depths of water 
h = d,/2...2A, the radiator gives out the same power, four 
different factors are obtained (p. 30) by which the numerical 
values given in Figs. 9-12 must be multiplied in order to 
yield the true sound-pressure amplitudes in dynes/cm?. 

The author’s summary does not mention that pp. 23-27 
leave the near fields hitherto treated and deal with the 
calculation of the distant fields in the case of deep and 
shallow water. A footnote also refers to previous work on 
this problem by Tamm (1985, below). 


1985. PAPER ON A THEORETICAL AND EXPERIMENTAL 
INVESTIGATION OF THE DISTANT FIELD OF A SOUND 
RADIATOR IN A WATER Layver.—K. Tamm. 
(Akust. Zeitschr., Vol. 6, 1941, p. 16 onwards.) 
Referred to in 1984, above. 


1986. ON THE PROBLEM OF THE MEASUREMENT OF 
ABSORPTION IN THE SUPERSONIC REGIoN.—H. 
Born. (Zeitschr. f. Phys., Vol. 120, 1943, p. 383 
+ onwards.) For corrections to typographical errors 
in some of the equations see issue of 1st Oct. 1943, 

Vol. 121, No. 11/12, p. 754. 


1987. THE THEORY OF THE SPHERICAL WAVE EXCITED AT 
A FINITE DISTANCE FROM THE SURFACE OF DEMAR- 
CATION OF Two MEDIA, FOR FINITE REFRACTIVE 
InDicEs.—Kriiger. (See 1847.) 


PHOTOTELEGRAPHY AND TELEVISION 


1988. CIRCUIT PROBLEMS OF TELEVISION [Address to the 
Fryburg Conference of the S.E.V., with Special 
Attention to Recent Researches at the Ecole 
Polytechnique Fédérale and to the Practical 
Development of the A.F.I.F. (Division for In- 
dustrial Research) Large Screen Projector (embody- 
ing the “ Eidophor”’ Liquid-Surface Light-Control, 
Device)].—W. Amrein: Fischer. (Bull. Assoc. 
Suisse des Elec., 15th Dec. 1943, Vol. 34, No. 
25, pp. 751-768: in German.) 

For the theoretical aspects of this projector see Fischer 
& others, 1165 of 1943 and back references. The present 
paper deals also with the practical side, and stresses the 
possibility which this development offers of halving the 
required frequency-band. 


1989. TELEVISION RELAY Network [Unattended Relay 
Stations spaced 20~50 Miles will provide National 
Network, and open up New Era in International 
Communications, “ through Development of Trunk 
Lines over Such Vast Areas as Russia and China’’]. 
—R. R. Beal. (Proc. I.R.E., Dec. 1943, Vol. 31, 
No. 12, pp. 58A..62A.) Predictions by the 
assistant to the vice-president in charge of RCA 
Laboratories. 


1990. ULTIMATE BanD-WipTHs In Hicu-Gain MULTI- 
STAGE VIDEO AMPLIFIERS [and the Question of 
Shunt Peaking: the k= 4 versus k = 0.414 
Argument].—W. R. MacLean. (Proc. I.R.E., 
Jan. 1944, Vol. 32, No. 1, pp. 12-15.) 

“Tt is often said that gain and band-width are ex- 
changeable. That is true from a certain point of view 
for a single-stage amplifier, but the implication is that the 
loss in gain may be made up by using more stages. Yet 
if this is done, each stage must be better. Is this a 
limitation ? Is there an optimum number of stages, or 
does the band-width increase indefinitely with the number 
of stages? In the following, such a problem is posed 
and analysed for two simple cases”. 


MEASUREMENTS AND STANDARDS 


ELECTRICAL AND MECHANICAL PROBLEMS IN THE 
CONSTRUCTION OF A SIGNAL GENERATOR FOR 
FREQUENCIES UP TO 300 Mc/s.—R. Otto. (Sitemens- 
Z., Qct./Dec. 1942, Vol. 22, No. 4, p. 126 onwards : 
short summary, in German, in Bull. Assoc. Suisse 
des Elec., 6th Oct. 1943, Vol. 34, No. 20, p.’ S. 41.) 


A LECHER-WIRE SYSTEM WITH TUNING OVER A 
WIDE Freguency - BAND [e.g. 60-200 Mc/s].— 
Philips Company. (Hochf:tech. u. Elek:akus., 
Sept. 1943, Vol. 62, No. 3, pp. 95, 96, Fig. 14.) 
The Lecher system is bridged at one point at least 
by a condenser 13, and the short-circuiting bridge 
12 is slid away from this on both sides. 


1991. 


1992. 


‘THE “ KEYED” WAVEMETER, A NEw FORM ‘OF 
ABSORPTION WAVEMETER.—H. J. Wilhelmy. (Arch. 
f. Tech. Messen, June 1943, Vol. 13, Part 144, 
V3614-7, Sheet T68 onwards.) The German word 
is “ Tastwellenmesser,” which might also give 
the impression of “feeling about for the right 
point.” 

ULTRA-HIGH-FREQUENCY WAVEMETER: RANGE 
70-270 Mc/s, WITH QUARTZ CRYSTAL FREQUENCY 
STANDARD.—A. H. Beattie & L. Knight. (Wireless 
World, March 1944, Vol. 50, No. 3, pp. 66-69.) 
From ‘the Murphy laboratories. If the external 
signal is strong, the effective range is up to 810 
Mc/s. 


1993. 


1994. 
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1995. CRYSTALS OF QUARTZ [Survey of Development, 
. including the Specification of “ Cuts” and the 
Bell Laboratories’ Work.on the Reduction of 
Temperature Effects: the AT, BT, & GT Cuts]. 
—W. P. Mason. (Bell Lab. Record, Feb. 1944, 

Vol, 22, No. 6, pp. 282-289.) 


1996. QUARTZ CRYSTALS OF ADJUSTABLE FREQUENCY 
[“ Vario-Crystals ”].—A. Zobel. (T.F.T., Aug. 
1943, Vol. 32, No. 8, pp. 167-170.) 

From the Steeg & Reuter laboratories, Bad Homburg. 
The adjustment of the frequency of a crystal through its 
temperature coefficient is ruled out for most practical 
purposes by the delay necessary to allow the crystal to 
take up its new temperature: this is particularly the 
case when a quick change of frequency is necessary. In 
the “ vario-crystals ” here described, for the frequency 
region between 500 and 4000 kc/s, the adjustment of 
frequency (e.g. from 3000.0 kc/s to 3010.5 kc/s) is obtained 
by varying the gap between one surface of a circular- 
plate crystal and its electrode, the second electrode being 
at a small constant distance from the other surface. 
The horizontal crystal (excited in the ‘‘ thickness ” mode) 
is held at three points along the edge of its middle plane, 
one of the three grips being springy so as to prevent 
additional damping due to the holder. The lower elec- 
trode is fixed (by a threaded shank and nut) with as 
small an air gap as possible: actually the size of this gap 
provides a way of adjusting to a required range of fre- 
quency-variation for the unit, since for a given total air 
gap d, + d, the frequency-variation is the greater, the 
smaller the fixed gap d,. The upper electrode is adjust- 
able through one complete turn of the external knob, 
which corresponds to an air-gap variation of 0.45 mm: 
the amount of rotation is read off a circular scale, marked 
in degrees or calibrated to read directly in kilocycles/ 
second, This electrode is in electrical connection with a 
guard ring surrounding the crystal and protecting it 
against electrostatic effects. The non-metallic parts 
of the plug-in container are of ceramic material. 

The paper begins by deriving the equivalent circuit 
‘of the “ vario-crystal,’’ and its equations. For series 
resonance the frequency-variation is obtained from the 
pair of equations of eqn. 8, by subtracting one from the 
other: once the constant 4, is found numerically, the 
variations for any combinations of air gap are thus given. 
For the Y-cut plate (§ = 90°), which is of particular 
interest for these investigations (see below), A, is calcu- 
lated for a particular 2 Mc/s plate, and the top curve of 
Fig. 4 shows the frequency-variation as a function of the 
air gap (varying from 0.01 to 0.45 mm), for series reson- 
ance: measured values are shown by the small circles, 
and the agreement is excellent. 

For parallel resonance the corresponding relations are 
given by eqn. 10, and the lower curve of Fig. 4 shows the 
calculated results and (small crosses) the measured 
values, after the new constant A, had been found by 
nuMerous measurements on a particular Pierce circuit 
with a known value of C,, the parallel capacitance. The 
attainable frequency-variation for parallel resonance is 
always about 40% smaller than for series resonance, so 
that whenever the largest possible variation is desired 
the crystal should always be excited in series resonance. 

The final section 111 deals with the use of crystals of 
various cuts. The largest frequency-variation obtained 
was given by the Y cut already mentioned: this value 
(at around 4 Mc/s) was 5.2 X 107° in series resonance. 
Over the whole range of frequency considered (500- 
4000 kc/s) the values increased with increasing frequency, 
from 2 X 10-5 up to the above figure. The temperature- 
independent variant of the Y cut (with § = 125° in- 
stead of 90°) gave only about half these variations. 


1997. ON THE MODE oF ACTION OF THE ROCHELLE-SALT 
TORSIONAL STRIP IN THE DIRECT AND RECIPROCAL 
PIEZOELECTRIC EFrFEcTs.—H. Keller. (See 1961.) 


STUDY OF A DIODE-VOLTMETER FOR ALL FRE- 
QUENCIES.—J. Heuskin. (Bull. Soc. belg. Elec., 
1942: short summary in Bull. Assoc. Suisse des 
Elec., 8th Sept. 1943, Vol. 34, No. 18, p. S.35.) 


1998. 


1999. ELECTROSTATIC ‘“ INDUCTION ” VOLTMETER.—H. 
Schwenkhagen. (Elektr.-Wirtsch., 1943: short 
summary in Bull. Assoc, Suisse des Elec., 8th Sept. 
1943, Vol. 34, No. 18, p. S.35.) 


2000, MEASURING INSTRUMENTS WITH SUPPRESSED LOWER 
Enp REapDincs.—W. Oesinghaus. (Arch. f. Tech. 
Messen, Jan. 1943, Part 139, Jo15-7: with 
4 diagrams.) See also 540 of February. 


2001, HEAT Capacity OF FINE Wires [Ballistic Method 
of examining Specific Heat of Alloys of Rare 
Metals, using Condenser Discharge].—B. Kurrel- 
meyer & others. (Review Scient. Instr., Dec. 1943, 
Vol. 14, No. 12, pp. 349-355.) 


2002. THE CONSTRUCTION AND USE oF CLIMATE-TEST 
Rooms FOR COMMUNICATION APPARATUS.—OC. 
Marsch. (E.T.Z., 23rd Sept. 1943, Vol. 64, 
No. 37/38, p. 507 onwards.) 


SUBSIDIARY APPARATUS AND MATERIALS 


2003. NEGATIVE Ions [producing “ Black Spot’’] 1N 
CaTHODE-Ray TUBES, AND THEIR CONNECTION 
WITH THE OXIDE-CATHODE MECHANISM.—Schaefer 
& Walcher. (Zeitschr. f. Phys., 1st Oct. 1943, 
Vol. 121, No. 11/12, pp. 679-701.) 

Bachman & Carnahan (3692 of 1938) have already 
made a miass-spectrographic investigation of the ion 
beam, using a constant magnetic field of such an intensity 
that the beam focused on the screen was split into its 
components. The latter destroyed the screen at their 
various points of impact, and by subsequent uniform 
irradiation of the screen by electrons these destroyed 
spots were made visible and were photographed, ‘“‘ This 
method has the disadvantages that neither could the 
intensities of the individual components be measured, nor 
their variation with time be followed continuously. In 
order to form conclusions as to the origin and mechanism 
of formation of the ions—and thus as to their eventual 
elimination—it is’ necessary to investigate the intensity 
of the` various ion-beam components, their behaviour 
with respect to time, and their dependence on external 
influences, The following work was undertaken to clear 
up these questions ” : a Faraday-cage and electrometer 
combination was used for measurement, the various 
components being deflected in turn, by a magnetic field, 
through the 48° necessary for them to pass through the 
final slit and enter the cage. The actual ion emission at 
the cathode was estimated (by tests with electrons) to 
be about four times as large as the cage-measured current, 
owing to the losses in the lens and at the diaphragms. 

The four cathodes tested were of the paste, barlum-acid, 
and tungsten-hairpin types. Much the most intensive 
ions from the paste cathode (Fig. 4) were the H, OH, CH,, 
CH,, C,, and O, ions, and (in a fresh cathode) the_Cl ions : 
these last fell in a few hours from very high initial values 
to below the limit of measurement. The many other ions 
present (OH,, Na, C,H & C,H,, Ca, CaO, Ni, etc.) were 
weaker by an order of magnitude. The Ni ion only 
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appeared when the cathode was old, the Ca ion only when 
it was new. The intensities of the ion currents from the 
tungsten cathode were (apart from the H-ion current) 
about 100 times smaller than those from the paste and 
acid types, for equal electron emissions: “ this observa- 
tion will later on allow us to draw conclusions as to the 
origin and production of the ions”. 

The sharpness of the images formed by the negative 
ions leads to the conclusion that they have one single 
place of origin. For most of them this is the substance 
of the cathode; only for the OH ions the gas space is an 
additional source, since OH, molecules from this reach 
the cathode surface and are emitted again as negative 

H ions. The relation between the O, emission and the 
electron emission of the cathode was investigated during 
the activating process, and the results were interpreted 
by the following conception of the “ forming ” process :— 
the cathode activation consists in the Bat ions, by thermal 
dissociation in the BaO, leaving their regular place in the 
BaO lattice and being adsorbed at preferred positions, 
where they assume the character of an electron-delivering 
‘ point of disturbance ”. As regards the transport of the 
negative ions from their place of origin in the cathode 
substance to the cathode surface, it is deduced that while 
the O`, OH” , and Cl” ions migrate electrolytically through 
the BaO crystallite to the cathode surface, for the CH™ 
and Cy ions there must occur (from their behaviour) a 
surface migration along the crystallite boundary surfaces 
to the cathode surface: this surface migration is un- 
hindered only so long as the surface is not covered with 
adsorbed O; ions (example of the mutual interaction of 
the ion currents, discussed in section 9). Section 7 deals 
with the well-known “ poisoning ” phenomenon and also 
with a newly encountered variant of this, due to the 
action, for instance, of hydrocarbon ions (Fig. 8). 


2004. CONTRIBUTIONS TO THE THEORY OF THE ELEC- 
TRICAL DEFLECTION OF ELECTRON-Ray BEAMS: 
IV—-SUPPLEMENTARY REMARKS ON II anp III 
[3091 of 1941: the Question of “Ellipse” & 
“ Ellipse-like ” Aberration Curves] AND THE RE- 
LATION BETWEEN THE ABERRATION EQUATIONS 
FOR. CROSSED ELECTRICAL DEFLECTION SYSTEMS 
FOUND IN III AND THOSE DERIVED BY WENDT 
{1732 of 1942].—Picht. (Ann. der Physik, 26th 
June 1943, Vol. 43, No. 1/2, pp. 53-72.) 


2005. IMAGE FORMATION AND RESOLVING POWER OF 
THE ELECTRON MICROSCOPE FROM THE STAND- 
POINT OF Wave MeEcuanics.—Glaser. (Zeitschr. 
f- Phys., 1st Oct. 1943, Vol. 121, No. 11/12, pp. 
647-666.) 

Author’s summary :—" The electron intensity in the 
image plane is calculated wave-mechanically, and on the 
basis of the formula thus obtained for the intensity of 
the electron current, the resolving power of the super- 
Microscope is estimated correctly for the first time.” 


2006: THE TRANSMISSION TYPE OF ELECTRON MICRO- 
SCOPE AND Irs Optics [Survey of Basic Theory, 
with Special Emphasis on Limitations of Resolving 
Power].—Marton & Hutter. (Proc. I.R.E., Jan. 
1944, Vol. 32, No. 1, pp. 3—12.) . 

Apart from the inherent limitations, factors such as 
aperture defects and, to some extent, chromatic aberra- 
tions can be reduced by developing better lenses. “The 
mathematical problem of the improvement of lenses is 
difficult but not entirely unpromising. In the second 
part of this paper we intend to show how, coupled with 
experimental methods, serious progress may be expected 
in spite of such limitations as saturation of the pole pieces 


of magnetic lenses and cold emission in electrostatic 
lenses. . .’’ For other recent work see 545 of February 
and 1296 of April. i 


2007. SECONDARY IMAGES IN THE ELECTRON-MICRO- 
SCOPIC EXAMINATION OF CRYSTALLINE MATERIALS. 
—Boersch. (Zeitschr. f. Phys., īst Oct. 1943, 
Vol. 121, No. 11/12, pp. 746-753.) 

This recently observed effect is explained as the result 
of crystal-lattice interference (it will therefore be frequent 
only in the higher range of voltages, say above 40 ekv, 
where more interferences occur) and of non-ideal image- 
formation. It is stated that the measurement of the 
spacing between the primary and secondary images pro- 
vides a method of investigating, on electron-diffraction 
lines, very small regions of an object which is simul- 
taneously imaged electron-microscopically [cf. Prebus, 
181 of January, and Hillier, 1292 of April]. Up to the 
present the smallest regions examined successfully had 
diameters of about 200A.U., compared with about 
5000 A.U. for the shadow-microscopic and diffraction 
method dealt with in 3075 of 1942. 


2008. CONTRIBUTION TO THE [Optical] PROBLEM OF THE 
DETERMINATION OF THE SIZE AND SHAPE OF 
ULTRAMICROSCOPIC PARTICLES [Definition of the 
“Visibility Function ”: Application to Objects 
of Various Shapes: Objects far beyond Limits 
of Resolution: Diffraction at a Double Slit with 
Finite Slit-Breadth].—Hanke. (Zeitschr. f. Phys., 
1oth Aug. 1943, Vol. 121, No. 5/8, pp. 438-458.) 


GAUSSIAN OPTICS AND GAUSSIAN BRACKETS.— 
Herzberger. (Journ. Opt. Soc. Am., Dec. 1943, Vol. 
33, No. 12, pp. 651-655.) ’ 

“It appears to have escaped Gauss’s attention, how- 
ever, that the so-called ‘ Gaussian brackets’ [recursion 
formulae developed by Euler], originally a purely mathe- 
matical concept, can be highly useful in handling pro- 
blems of Gaussian optics. . . .” 


2009. 


2010. THE INFLUENCE OF THE SPACE CHARGE ON THE ` 


IMAGE-FORMING PROPERTIES OF MAGNETIC SECTOR- 
FreLps [with Application to the Design of Mass 
Spectrographs, especially for the Separation of 
Isotopes]:_-Walcher. (Zeitschr. f. Phys., 1st Oct. 
1943, Vol. 121, No. 11/12, pp. 719-728.) Extension 
of Herzog’'s theory of ion-optical cylinder-lenses 
and prisms, to take into account the space-charge 
effects which become serious in instruments using 
large ion currents. 


On SPATIALLY PERIODIC DISTRIBUTIONS OF FREE- 
FALLING Ions AND ELEcTRoNS.—Schumann. (See 


1944.) 


THE PLOTTING oF POTENTIAL FIELDS IN THE 
ELEetROLYTIC TRouGH.—Strigel. (See 1946.) 


2011. 


2012. 


THE SURVEYING OF ELECTROSTATIC FIELDS [by 
the Toepler Method of Striae (Schlieren Method)}. 
—Strigel. (See 1947.) 


2013. 


RIDENOUR-LAMPSON IONISATION-GAUGE CONTROL 
AND INDICATOR, USING “ Macic Eye ” 6E5 TUBE 
TO REPLACE EXPENSIVE & HiGH-PRIoRITYy MICRO- 
AMMETER.—(Review Scient. Instr., Dec. 1943, 
Vol. 14, No. 12, pp. 377-378.) The smallest 
current readable is about 5 X 107° a. 


2014. 


[Applications & Production: the 


(See 1952.) 


ZIRCONIUM 


2015. 
Philips Process].—Foote Mineral. 
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New HEAT-RESISTANT ALLOY WITH Low NICKEL 
AND CHROMIUM CoNnTENT.—Harder & Gow. (Sci. 
News Letter, 6th Nov. 1943, Vol. 44, No. 19, P. 
297: Scient. American, Dec. 1943, Vol. 169, No. 6,\ 
p. 261.) 


2016, 


2017. ON THE MIGRATION OF INERT GASES THROUGH 


MetaLs.—Lumpe & Seeliger. (See 1953.) 


2018. “ MANUAL oF LABORATORY GLAss-BLOowING ” 
[Book Notice].—Wright. (Journ. of Scient. Instr., 
Feb. 1944, Vol. 21, No. 2, p. 35-) j 
2019. ELECTRONICALLY CONTROLLED Dry-Disc RECTI- 


FIER [eliminating the Two Defects of Selenium 
Rectifiers—Lack of Fine Voltage Regulation, 
and only Fair Voltage Regulation under Load : 
Rectifier Voltage compared against Constant 
Comparison Voltage, amplified, & used to shift 
Phase of Reactor-Saturating Thyratrons}.—Rosen- 
stein & Barnett. (Elec. Engineering, Dec. 1943, 
Vol. 62, No. 12, p. 546: summary only.) 


2020. THE RECTIFYING PROPERTY OF CARBORUNDUM.— 


Kendall. (See 1913.) 


ON THE QUESTION OF THE SELECTIVE HEATING OF 
SMALL PARTICLES IN THE ULTRA-SHORT-WAVE 
CONDENSER FIELD [Problem of the Inhomogeneous 
Dielectric].—Schaefer & Schwan. (See 2098.) 


2021. 
i 


2022. RELATIONSHIP BETWEEN DIELECTRIC CONSTANT OF 
LiguIDS AND SOLIDS AND DIPOLE Moments [Pre- 
liminary Communication]. — Jatkar. (Nature, 
19th Feb. 1944, Vol. 153, No. 3877, p. 222.) See 
also 2023, below. 


2023. DIPOLE MOMENTS OF POLYATOMIC MOLECULES.— 
Jatkar. (Nature, 11th March 1944, Vol. . 153, 
No. 3880, pp. 316-317.) 

“The law of component moments accounts quantita- 
tively for the anomaly of flexible molecules, the ortho, 
meta, para moments in aromatic compounds . . . on 
the basis of the regular geometry of the molecules and 
theoretical values of angles and bond moments. Details 
will be published elsewhere.” 


2024. PROCESSES AT THE EXTERNAL AND INTERNAL 
BOUNDARY SURFACES OF SYNTHETIC’ MATERIALS 
{and Surface-Leakage Tests asa Basis of Design].— 
Vieweg & Klingelhdffer. (Kunststoffe, July 1943, 
Vol. 33, No. 7, p. 173 onwards.) For previous work 
see 1514 of 1943. 


THE APPARENT SECOND-ORDER [Glass/Liquid] Tran- 

sITION POINT OF POLYSTYRENE [Discussion of the 
Situation, with Conclusions confirmed by Experi- 
mental Investigation of the Transition Glassy- 
Polystyrene/Rubbery-Polystyrene].—Alfrey, Gold- 
finger, & Mark. (Journ. Applied Phys., Dec. 1943, 
Vol. 14, No. 12, pp. 700-705.) 


2025. 


2026. FLow PROPERTIES OF CELLULOSE ESTERS [and 
Comparison with Polystyrene & Phenol Fibre].— 
Frosch. (Bell Lab. Record, Feb. 1944, Vol. 22, 


No. 6, pp. 269-272.) 


CARBON Resistors [Supplement to 1352 of April: 
Polyvinyl-Chloride Sleeves & Their Proper Use].— 
Burkett. (Wireless World, March 1944, Vol. 50, 


No. 3, p. 75.) 


INSULATING PIPE FOR REcTIFIERS [Water-Cooled 
Rectifiers insulated from Water Supply by Ther- 
moplastic ‘‘ Saran ”’].—(Electronics, Oct. 1943, Vol. 
16, No. 10, pp. 174 and 176.) 


2027. 


2028. 


2029. PLASTIC FROM SAwDusT [with only 25% of Resin : 
High Tensile Strength & Moisture Resistance].— 
Hardin. (Sci. News Letter, ist Jan. 1944, Vol. 45, 
No. 1, p. 2.) 

2030. COMPREGNATED Woop [“ Pluswood,” with “ Ex- 
tremely High Mechanical, Structural, & Dielectric 
Strength ’’].—Pluswood, Inc. (Review Scient. Instr., 
Dec. 1943, Vol. 14, No. 12, p. 381.) Cf. a paragraph 
in the Times, 18th April 1944, on a “ Dupont,” 
announcement. 


2031. Uskon RUBBER [Synthetic Material with Volume 
Resistivities down to 5000 Ohms/cm* : as Dissipator 
of Static Charges, etc.]—U.S. Rubber. (Review 


Scient. Instr., Dec. 1943, Vol. 14, No. 12, p. 380.) 


2032. RHODESIAN Mica [unsurpassed for General Hardness 
& Flatness : etc.].—Perkins. (Engineering, 18th Feb. 
1944, Vol. 157, No. 4075, p. 140: paragraph on 
recent address.) 


THE REPLACEMENT OF Mica IN HIGH-FREQUENCY 
TRANSMITTING CONDENSERS BY CERAMIC Mat- 
ERIALS.—Dirks. (Lorenz-Berichte, Aug. 1942,No. 1/2, 
p.2 onwards.) Will be dealt with in July Abstracts. 


“ PHYSICAL PROCESSES IN THE DRYING OF 
SYNTHETIC-RESIN VARNISHES BY [Infra-Red] IR- 
RADIATION, AND THEIR UTILISATION IN PRACTICE ” 
[Review of Osram Pamphlet}—Saatmann. (Bull. 
Assoc. Suisse des Elec., 6th Oct. 1943, Vol. 34, No. 20, 
p. 621: in German.) Among other points, Saatmann 
finds that ordinary incandescent lamps (500-2000 w) 
give even better results than types specially 
developed for the purpose. 


2033. 


2034. 


CONTRIBUTION .TO THE EVALUATION OF THE MAG- 
NETIC CIRCUIT OF PERMANENT MaGNetTs.—Fischer. 
(Zeitschr. f. tech. Phys., No. 7, Vol. 24, 1943, 


2035. 


pp. 149-162.) } 
From the Hartmann & Braun laboratories. Author's 
summary :—‘‘ For the most successful design of permanent 


magnets the procedure is to make the product BH as large 
as possible along the permanent-magnetic-state curve, and 
to know the corresponding ratio H/B. The curve of state 
for ‘ permanent ’ permanent magnets can be represented 
by a sloping straight line. The optimum relations for this 
are given. Among other things it is shown that in addition 
to the permanent-state curve, the magnetisation curve 
also plays a part in determining the coordinates for the 
optimum values. The curve of state of ‘remanent ’ 
permanent magnets is the branch of the magnetisation 
curve running between remanence and coercive force [for 
the necessity, in good design, of distinguishing between the 
“ permanent-magnetic ’’ and “ remanent-magnetic ” states 
see, in particular, section 2, where Breitling’s original 
paper (1735 of 1939) is summarised]. Here, in order to 
get away from the point-by-point search for the optimum 
values and to obtain, as in the case of the permanent-state 
curve, a simple, informative general relation which can be 
expressed analytically, the replacement of the magnetisation 
curves by second-order curves (hyperbolas, parabolas, 
circles, ellipses) is examined. The properties of the 
substitute curves are compared with those of experimental 
magnetisation curves, and simple procedures for arriving 
at the optimum values are given. An already-known 
approximate method for determining these optimum values, 
which has proved successful when compared with experi- 
mental curves, is confirmed (Watson, 1923). The applica- 
tion and merits of the approximations are shown by 
numerical examples. The range of application of the 
circles and parabolas as substitutes is limited, while the 
hyperbolas cover the whole possible range”: 
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2036. THE COMPLEX PERMEABILITY OF CorL CORES OF 
LAMINATED IRON.—Feldtkeller & Wilde. (Elektrot. 
u. Masch:bau, Vol. 61, 1943, p. 317 onwards.) 


A SIMPLE METHOD FOR CALCULATING COMPLEX 
PERMEABILITY [from Experimental Data: using 
the Relation Complex Permeability = p — ip’ 
= (A. + iB.) . (pı — tp2)].—Arkadiev & Polivanov. 
(Comptes Rendus (Doklady) de l’Acad. des Sci. de 
PURSS, 10th Jan. 1943, Vol. 38, No. 1, p. 14: in 
English.) For previous work see reference “3” 
and 3158 of 1943: and cf. Lawrentiew, 2038, 
below. 


2037. 


2038. MAGNETIC SPECTRUM IN: INFRA-Low FREQUENCY 
[and a Method of Measuring the Complex Magnetic 
Permeability ‘u’ = p — ip’, the Quantity used in 
Computations of the Course of Magnetisation of a 
Ferromagnetic Body possessing Magnetic Viscosity 
in a Weak Sinusoidal Field: 2037, above].— 
Lawrentiew. (Comptes Réndus (Doklady) de 
l'Acad. des Sci. de ’URSS, 20th March 1943, 
Vol. 38, No. 8, pp. 233-236: in English.)' 


PAPER ON THE THEORETICAL AND EXPERIMENTAL 
INVESTIGATION OF THE HYSTERESIS IN THE 
RAYLEIGH REGION OF WEAK MAGNETIC FIELDS.— 
Kornetzki. (E.N.T., Jan. 1943, Vol. 20, No. 1, 
p. 10 onwards.) 


2039. 


2040. HIGH-RESISTIVITY INSULATED IRon CorES [of 
Special Material reducing Leakage Currents, with 
Their Resultant Noise Troubles, and Likelihood 
of Coil/Core Breakdown].—Stackpole Carbon. 
(Review Scient. Instr., Bec. 1943, Vol. 14, No. 12, 
p. 378.) For other Stackpole cores see 2844 of 1943. 
2041. THE UsE oF BRIQUETS FORMED FROM METAL 
GRINDINGS FOR THE SPECTROGRAPHIC ANALYSIS OF 
STEEL [including Method of obtaining Fine 
Particles, and Magnetic & Electrostatic Separators 
for removing Grinding- Wheel Particles] —Nusbaum 
& others. (Journ. Opt. Soc. Am., Jan.. 1944, 
Vol. 34, No. 1, pp. 33+40.) From General Motors 
laboratories. 


“A COURSE IN POWDER METALLURGY” [Book 
Review].—Baeza. (Electronics, Nov. 1943, Vol. 16, 
No. 11, pp. 339 and 340.) 


2042. 


THe PERMEABILITY OF DyNamMo SHEET IRON 
Type IV at Note FREQUENCIES.—Feldtkeller. 
(T.F.T., Aug. 1943, Vol. 32, No. 8, pp. 163-167.) 

/For Wilde’s paper on the use of this material in place 
of ring cores of compressed powder see 1513 of May. 
Author’s summary :—“ Results are given of permeability 
measurements on various coil cores of dynamo sheet 
iron 1V at frequencies between 50 c/s and 10 kc/s and field 
strengths between 2 and 250 ma/cm. The results arè 
compared with calculations of the permeability made on 
the basis of idealising assumptions ’’. 

The writer discusses in turn the definition and equation 
of the complex permeability (leading to eqn. 8 for the 
impedance of the resulting coil); Rayleigh hysteresis 
(and the representation of the hysteresis loops by parabolic 
arcs); measurements on 15 cores of the “ type 1v ” sheet 
from different sources, but all 0.35 mm thick, at 50 c/s 
where the effect of eddy currents can be neglected (giving 
three groups each yielding consistent permeability values 
within the group); the “ideal complex permeability ” 
(obtained by combining Rayleigh’s assumptions with 
those of Wolman in his work on the limiting frequency of 
eddy-current effects: Abstracts, 1930,’p. 228, and 1932, 


2043. 


p. 656) ; and, finally, measurements on three cores taken 
from the above-mentioned three groups, at the frequencies 
and field strengths given in the author’s summary, and 
a comparison of the resulting curves (Figs. 7—9) with the 
calculated curves of Fig. 6. 

From this comparison the writer concludes :—" Thus 
the ‘ doubling ’ field strength [top of p. 165] for all three 
cores increases considerably with increasing frequency ; 
that is, with increasing skin effect, and consequently also 
from the interior of the sheet to the layers under the 
surface. Figs. 7-9 can therefore not only serve as the 
basis for calculating the impedance of coils with cores 
of 0.35 mm dynamo sheet iv but also provide information 
as to inhomogeneities in the magnetic properties in the 
interior of the sheet, leading to the conclusion that in the 
three cores investigated the permeability partly falls and 
partly rises from the centre of the sheet to its boundaries, 
and that the rise of permeability with the field strength 
decreases from the centre to the boundaries. Thus the 
surface layers have the better magnetic properties ”’. 


2044. ‘‘ DER GESTEINMAGNETISMUS ” [Mineral Magnetism: 
Its Relations to the Phenomena of Ferromagnetism 
& to the Earth’s Magnetic Field : Book Review].— 
Haalck. (Zeitschr. f. tech. Phys., No. 6, Vol. 24, 
1943, p. 148.) For Herroun &.Hallimond’s paper: 
on the magnetisation of rocks see 1482 of April. 


DraG Cup Motors [High-Speed Precision Motors 
for Quick Starting, Stopping, & Reversal (Radio- 
Compass Loops, Remote Controls, etc.): No 
Rubbing Contacts).—(Eléctronics, Oct. 1943, Vol. 
16, No. 10, p. 280.) 


2045. 


THE HEATING OF ELECTROMAGNET WINDINGS.— 
Windred. (Engineering, 31st Dec. 1943, Vol. 156, 
No. 4068, pp. 521-523.) 


2046. 


CONNECTING LINES OF STEEL—COPPER WIRE [with 
Mechanical & Electrical Data of Felten & Guil- 
leaume ‘‘ Stakudraht ’’ Wires with 30% Copper].— 
Goedicke. * (E.T.Z., No. 29/30, Vol. 64, 1943, 
p. 396 onwards: summary, in German, in Bull. 
Assoc. Suisse des Elec., 20th Oct. 1943, Vol. 34, 
No. 21, pp. 644-645.) Cf. 911 & 2092/3 of 1943. 


2047. 


2048. FIELDS’ OF APPLICATION AND TYPES OF MACHINE 
OF ELECTRICAL RESISTANCE WELDING AND HEAT- 
ING [Illustrated Survey, including the Welding of 
Fine Wires and Carbon-Point Welding (cf. 3564 of 
1943)].—Schlatter. (Bull. Assoc. Suisse des Elec., 
ist Dec. 1943, Vol. 34, No. 24, pp. 730-742: in 
German.) 


METROVICK “‘ Lo-VOLT ”’ SOLDERING IRoN.—Metro- 
politan Vickers. (Wireless World, March 1944, 
_ Vol. 50, No. 3, p. 87.) 


2049. 


2050. METHODS OF DEPOSITING METALLIC Fits [Survey 
i of Old & New Techniques : Applications : Litera- 
ture & Patent References].—Wein. (Electronics, 
Sept. 1943, Vol. 16, No. 9, pp. 110-113 and 
248. .254.) 

2051. ProTEcTIVE METAL FinisHes [Note on Symposium 
dealt with in 2838 of 1943].—(Electronics, Sept. 
1943, Vol. 16, No. 9, p. 201.) 

2052. METAL-CoaTinG Process [" Rapid Electroplating 
Process, Inc.’’].—(Electronics, Sept. 1943, Vol. 16, 
No. 9, p. 270°): 
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2054. 


2055. 


2056. 


2057. 


2058. 


WIRELESS 
ENGINEER 


TESTING AND RATING Air Fitters [for Industrial 
Interiors].—Eliason. (Bell Lab. Record, April 
1943, Vol. 21, No. 8, pp. 243-247.) 


STATIONS, DESIGN AND OPERATION 


U.S.A. PLANS Post-War RADIO: PLEA FOR A 
“ UNITED NATIONS AGREEMENT ” [on Frequency 
Allocations].—Bell. (See 2078.) 


THE BELGRADE I0 KILOWATT SHORT-WAVE BROAD- 
CASTING STATION.—Heidrich. (Lorenz-Berichte, 
Aug. 1942, No. 1/2, p. 13 onwards.) With 9 
illustrations. 


THE SUBSCRIBER’S AUXILIARY UNIT FOR HIGH- 
FREQUENCY TELEPHONE-NETWORK BROADCASTING 
{‘‘ Straight ’-Type Receiver with Input Band- 
Filter switched to Any of Five Carrier Frequencies : 
Special Requirements].—Werthmiiller. (Bull. 
Assoc. Suisse des Elec., 20th Oct. 1943, Vol. 34, 
No. 21, p. 649: summary only, in German.) For 
networks where, with the conversion to automatic 
working, the l.f. broadcasting is replaced by h.f. 


HIGH-FREQUENCY TELEPHONE-NETWORK BROAD- 
CASTING [replacing, in 1940, the 1932 Low-Fre- 
quency System].—Steiger. (Bull. Assoc. Suisse 
des Élec., 3rd Nov. 1943, Vol. 34, No. 22, pp. 671- 
676: in German.) Address to the Berne Con- 
ference : see also 2056, above. 


GENERAL PHYSICAL ARTICLES 


A METHOD oF DETERMINING THE POTENTIAL OF 
A UNIFORM DovusLE LayEr.—Schwarzer. (Arch. 
f. Elektrot., 31st Oct. 1943, Vol. 37, No. 10, pp. 505- 


It is shown that the potential can be determined from 
the central projection of the double layer on to the surface 
of a sphere whose centre is the point of observation where 


the potential is to be measured. 


The approximate 


determination of the surface projected, by means of 
spherical triangles, is given. A direct method of measuring 
the potential, by replacing the double layer by a photo- 
electric surface irradiated from a point source at the point 
of observation, is derived. 


2059. 


2060, 


2061. 


2062. 


THE SMALLEST “QUANTUM” oF ENERGY [New 
Measurements by X-Ray, Method give Results 
agreeing with Atomic Theory].—Ohlin. (Science, 
3rd Dec. 1943, Vol. 98, No. 2553, Supp. p. 10:) 
From a report in Nature. 


ELECTRICAL ENERGY OF Two CYLINDRICAL 
CHARGED PARTICLES [derived by Approximate 
Debye-Hiickel Theory: Existence of a Minimum 
for a Certain Inter-Particle Distance: may be of 
Considerable Importance in explaining the Thixo- 
tropic Properties of Certain Colloidal Systems].— 
Dube. (Indian Journ. of Phys., Aug. 1943, Vol..17, 
Part 4, pp. 189-192.) 


THE ImpuLsE-ENERGY TENSOR OF MATERIAL 
-ParTICLES: Part I—MEsons AND ELECTRONS: 
Part II—ParTICLES OF SPIN 2 OR 3/2.—Chang. 
(Proc. Roy. Soc., Series A, ist March 1944, Vol. 182, 
No. 990, pp. 302-311 : pp. 311-318.) 


NUCLEAR DISINTEGRATIONS PRODUCED BY COSMIC 
Rays [Letter on Sinha’s Cloud-Chamber Photo- 


2063. 


2064. 


2065. 


2066. 


2067. 


2068. 


2069. 


2071. 


2072. 


2073. 


2074. 
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graph & His Suggested Interpretation : a Hitherto 
Unknown Process? Creation of New Strongly 
Ionising Particles]_—Goldhaber: Sinha. (Nature, 
19th Feb. 1944, Vol. 153, No. 3877, pp. 2217222.) 


Beta-Decay [Survey].—Konopinski. (Reviews of 
Modern Phys., Oct. 1943, Vol. 15, No. 4, pp. 209- 
245.) 


MATRIX THEORY OF CORRELATIONS IN A LATTICE: 
Parts I anD II.—Eisenschitz. (Proc. Roy. Soc., 
Series A, Ist March 1944, Vol. 182, No. 990, 
PP- 244-259 & 260-269.) 


ə MISCELLANEOUS 


RELATIONS BETWEEN HYPERGEOMETRIC AND Bes- 
sEL Functions [Appendix to Paper dealing with 
Linear Rectification of Signal & Noise].—Bennett. 
(See 1883.) 


“TABLES OF FUNCTIONS WITH FORMULAE AND 
Curves’”’ [Book Review].—Jahnke & Emde. 
{Proc. Phys. Soc., 1st March 1944, Vol. 56, Part 2, 
No. 314, p. 148.) Previous reviews were referred 
to in 961 of March: the present one includes the 
names of the sole British agents and the price. 


TABLE OF FOURIER COEFFICIENTS [encountered in 
Solutions of Problems in Heat Conduction, Diffu- 
sion, and Wave Motion for Domains bounded by 
Parallel Planes, and in Potential Theory].—Lowan 
& Laderman. (Journ. of Math. & Phys. [of M.I.T.], 
Sept. 1943, Vol. 22, No. 3, pp. 136-147.) 


SEVEN-Point LAGRANGIAN INTEGRATION FORMULAS. 
—Blanch & Rhodes. (Journ. of Math. & Phys. 
[of M.I.T.], Dec. 1943, Vol. 22, No. 4, pp. 204-207.) 


On a Non-Linear DIFFERENTIAL EQUATION OF 
THE SECOND ORDER [¥ + f(x)x¥ + x = e(t), where 
e(t) is continuous & periodic, and f(x) is continuous 
except possibly at discrete points].—Levinson. 
(Journ. of Math. & Phys. [of M.1.T.}, Dec. 1943, 
Vol. 22, No. 4, pp. 181-187.) For previous work 
see 2161 of 1942 and 626 of February. 


. COEFFICIENTS FOR NUMERICAL DIFFERENTIATION 


WITH CENTRAL DIFFERENCES.—Salzer. (Journ. of 
Math. & Phys. [of M.I.T.], Sept. 1943, Vol. 22, 
No. 3, pp. 115-135.) 


TABLE OF COEFFICIENTS FOR INVERSE INTERPOLA- 
TION WITH CENTRAL DIFFERENCES.—Salzer. (Journ. 
of Math. & Phys. [of M.1.T.j, Dec. 1943, Vol. 22, 
No. 4, pp. 210-224.) 


A MACHINE For Harmonic SYNTHESIS [Simple 
Ink-Recording Apparatus with Oil-Filled Cylinders 
having Cam-Driven Pistons].—Shilton. (Proc. 
Phys. Soċ., 1st March 1944, Vol. 56, Part 2, No. 314, 
pp. 130-132.) 


RoyaL SOCIETY ANNIVERSARY ADDRESS [including 
the Problem of the Housing of Scientific Societies 
in London}.—Dale. (Proc. Roy. Soc., Series A, 
Ist March 1944, Vol. 182, No. 990, pp. 217-243.) 


ELECTRICAL DEVELOPMENTS OF 1943 [of the General 

Electric and Its Associated Companies].—Bartlett. 
(Gen. Elec. Review, Jan. 1944, Vol. 47, No. 1, 
pp. 8-55.) 


Mentioning, among endless other items, an insulated- 
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junction-type vacuum thermocouple ‘for use at 
u.h.f ; the lost-wax process (1787 of May) ;. and 
dri-film for insulators (3549 of 1943 : other uses are 
being explored energetically). 


REPORT ON. THE ACTIVITIES OF THE KAISER 
WILHELM GESELLSCHAFT, 1942/3.—(Naturwiss., 
5th Nov. 1943, Vol. 31, No. 45/46, pp. 513-526: 
followed by list of papers published or in the press, 
Pp. 526-548.) See also Regener, 1848, above. 
Among physical papers listed is that of Bagge, 
2939 of 1943, on the ionosphere. 


2075. 


2076. VISIT TO THE BROWN-BovERI Works, BADEN.— 
Brown-—Boveri. (Bull. Assoc. Suisse des Elec., 
Ist Dec. 1943, Vol. 34, No. 24, pp. 742-746: in 
German.) 

Lectures and demonstrations dealt with, among other 
things, h.f. filters using synthetic (Rochelle salt) crystals 
(particularly for multi-channel transmission), simple 
frequency-modulation methods with glow-discharge tubes 
for reactance-control, transmission with “ time ” modula- 
tion (speech and music transmitted by pulses of varying 
length), new gas-filled modulatable valves for medium and 
high frequencies, decimetric-wave radio links, and micro- 
wave transmission of music, using the “‘ Turbator ” valve 
(2352 of 1943). 


2077. ORGANISATION OF RADIO TECHNICAL PLANNING 
BoaRD AND PANELS APPROVED BY SPONSORS.— 
R.T.P.B. (Elec. Engineering, Dec. 1943, Vol. 62, 
No. 12, pp. 557-558.) See 326 of January and 1752 
of May. 

2078. U.S.A. PLANS Post-War RaDio: PLEA FOR A 
“ UNITED Nations AGREEMENT ” [Article on Fly’s 
Paper (1809 of 1943), the Work of “ R.T.P.B.” 


(2077, above), and International Problems].— 
Bell. (Wireless World, March 1944, Vol. 50, No. 3, 
pp. 76-77.) 


“Will it be necessary to wait until after the war— 
perhaps two years or more after an armistice—and call a 
truly international conference, or will the United Nations 
draw up a wavelength plan this year? The latter is the 
only hope if the radio industry is to be converted immedi- 
ately from war production to the production of civilian 
requirements in navigational aids as well as broad- 
casting... .” A fairly rough indication of the bands is 
all that is asked for. Apart from international plans, 
“ Britain has yet to go as far as U.S.A. in preparing to 
work out its own radio plans, and this must be our next 
step ”. 

2079. RESEARCH WORKERS: THEIR EDUCATION AND 
PLACE IN INDUSTRY.—Fleming. (Nature, 25th 
March 1944, Vol. 153, No. 3882, pp. 371-372: 


summary : of -Manchester Chamber of Commerce 
address.) 


2080. SCIENTIFIC AND INDUSTRIAL RESEARCH IN GREAT 
BRITAIN [Leading Article on Recent Articles & 
Reports, especially the London Chamber of 
Commerce’s Report, 2081, below}].—(Nature, 11th 


March 1944, Vol. 153, No. 3880, pp. 293-296.) 


2081. SCIENTIFIC INDUSTRIAL RESEARCH [Leading Article 
n “ Report on Scientific Industrial Research ’’].— 
London Chamber of Commerce. (Engineering, 


4th Feb. 1944, Vol. 157, No. 4073, pp. 91-92.) 


2082. CORRESPONDENCE ON THE PRESS AND TECHNOLOGY. 
—Roskill: Chatley: Addison. (Engineering, 
18th Feb. 1944, Vol. 157, No. 4075, p. 135.) 

Prompted by a letter from Prof. Addison, who wonders 


“ why the British don’t discuss technology outside of the 
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technical Press, why the technical Press doesn’t interest 
itself in sociology and economics, and why we allow other 
nations to out-advertise us in the countries where we have 
influence ” 


2083. PRACTICAL EDUCATION IN WARTIME.—Swain. (Elec. 
Engineering, Dec. 1943, Vol. 62, No. 12, pp. 
534-537) i ; 

“The war of curricula—culture versus vocation—goes 
on. The overlooked truth is that all sound vocational 
training is, im itself, highly cultural. It is equally true, 
of course, that certain subjects [those necessary for good 
citizenship, togethen with music, art, literature, modern 
languages, etc.] with little vocational application have 
such great cultural value as to justify a big place in the 
curriculum ; but let them hold this place because of some- 
thing better than a certificate of vocational uselessness ”’ 


2084. RaDio RESEARCH INSTITUTE PROPOsED.—British 
Inst. of Radio Engineers. (Electrician, 25th Feb. 
1944, Vol. 132, No. 3430, p. 166.) For Editorials 
see pp. 156-157 (scope for E.R.A.? need for avoid- 
ance of duplication), and Wireless World, March 
1944, p. 65. See also Nature, 18th March, p. 338. 


LETTER ON THE FORMATION OF THE ASSOCIATION 
OF INDUSTRIAL SCIENTISTS AT THE SHELL DEVELOP- 
MENT CoMPANY.—Taylor. (Review Scient. Instr., 
Dec. 1943, Vol. 14, No. 12, p. 377.) i 


2085. 


2086. SERVICEMEN’S ORGANISATION [Need for Institute 
or Society, and Creation of “ Their Own Stan- 
dards ”].—Goldstein. (Wireless World, March 
1944, Vol. 50, No. 3, P. 75-) 


2087. ONE PRACTICAL SUGGESTION [for the B.B.C.].— 
Crossman. (Wireless World, March 1944, Vol. 50, 
No. 3, p. 89: paragraph from New Statesman.) 
“So long as the B.B.C. devotes only two programmes 
to the home listener it should sharply distinguish them, 
keeping, say, the Forces programme entirely for back- 
ground noise and devoting the Home Programme entirely 
to programmes which can only be appreciated if the 
listener pays attention ” 


2088. THE GROWING APPRECIATION OF Music AND ITS 
EFFECT UPON THE CHOICE OF MUSIC IN INDUSTRY.— 
Pepinsky. (Journ. Acous. Soc. Am., Jan. 1944, 
Vol. 15, No. 3, pp. 176-179.) ` Cf. 3063 of 1943. 

2089. UNITED STATES COMMUNICATIONS IN THE WAR 

(Military, Domestic, & International Communica- 

tions: Policing the Ether].—(Elec. Engineering, 

Dec. 1943, Vol. 62, No. 12, pp. 521-530.) 


“THe FOUNDATIONS OF AVIATION AUTOMATICS ” 
{Book Review].—Rubin & Kheyman. (Automatics 
& Telemechanics [in Russian], No. 3, 1941, pp. 
167-169.) Dealing chiefly with the theory and 
practice of the stabilisation of aeroplanes in space 
(auto-pilots). 


2090. 


‘ PRINCIPLES OF AERONAUTICAL RADIO ENGINEER- 
ING” [Book Review].—Sandretto. (Wireless 
World, March 1944, Vol. 50, No. 3, pp. 79-821.) 
A previous review was referred to in 1899 of 1943. 


2091. 


‘“ GLOSSARY OF TERMS USED IN TELECOMMUNICA- 
TION ’’ [Notice of Revised & Enlarged Edition of 
B.S. 204].—British Standards Institution. ,(Elec- 
trician, 25th Feb. 1944, Vol. 132, No. 3430, p. 159.) 
For a review see Wireless World, April 1944, 
Vol. 50, No. 4, p. 105. 


2092. 
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2093. “ RADIO DATA CHARTS: REVISED AND EXPANDED 
THIRD EDITION ” [Book Notice].—Beatty, Sowerby. 
(Wireless World, March 1944, Vol. 50, Nó. 3, p. 77.) 

2094. “ Basic RaDio ” [Book Review].—Boltz. (Nature, 

26th Feb. 1944, Vol. 153, No. 3878, p. 237.) 


CORRECTION TO EQUATION IN ‘‘ RADIO ENGINEERS’ 
HANDBOOK ” AND IN “ NETWORK THEORY, FILTERS, 
AND EQuaLisers.’-—Terman. (See 1892.) 


2095. 


“ EXPERIMENTS IN PRECOGNITIVE TELEPATHY ” 
[Book Review].—Soal & Goldney. (Nature, 
11th March 1944, Vol. 153, No. 3880, pp. 298-299.) 
“ The experiments here described . . . are some of 
the mdst interesting and suggestive hitherto 
recorded ”’. i 


2096. 


SoME FACTS ON THE PROPAGATION OF HERTZIAN 
Waves IN GEOLOGICAL CONDUCTORS ([Investiga- 
tions with Special Reference to Wireless in Mines]. 
—Fritsch. (See 1861.) 


ON THE QUESTION OF THE SELECTIVE HEATING OF 
SMALL PARTICLES IN THE ULTRA-SHORT-WAVE 
CONDENSER FIELD.—Schaefer & Schwan. (Ann. 
der Physik, 26th June 1943, Vol. 43,:No. 1/2, 
PP. 99-135.) i 

“ The present investigation yields for the first time a 
complete mathematical theory of the problem as a whole ; 
that is, of the non-stationary as well as the stationary 
state. On the basis of the theoretical results here given, 
and the measurements made on the model system, the 
temperature relations can now be calculated in advance 
for systems of arbitrary size and of arbitrary constants. 
These results confirm everywhere the theoretical and 
experimental findings already reported by other writers, 
and at the same time extend them to the non-stationary 
initial process.” 

The section subjects are as follows :—A. Formulation 
of the problem : the present state of knowledge. B. The 
spatial temperature-distribution in an emulsion of spherical 
droplets in the stationary régime (mathematical treat- 
ment: application to the water-in-oil emulsion : practical 
carrying-out of the test, on an 11m wavelength, of 
selective disintegration by boiling in the water-in-oil 
emulsion): the temperature-distributions, in space and 
in time, in the non-stationary process immediately follow- 
ing the switching-on of the field (mathematical treat- 
ment: experimental investigation of the non-stationary 
temperature distribution in a macroscopic model system, 
where a water drop is represented by an 8 cm-diameter 
brass sphere carrying a central heating-element and 
buried in moist sand in a large cylindrical container 
furnished with ten probes with thermoelement ends : 
application to the water-in-oil emulsion: application to 
other macro- and micro-systems). 


2097. 


2008. 


2099. HIGH-FREQUENCY HEATING OF LAMINATED Ma- 
TERIALS.—Jervis. (BEAMA Journal, Feb. 1944, 
Vol. 51, No. 80, p. 63: summary only.) 


2100. MORE ABOUT RADIO HEATING, and RADIO HEATING 
EQUIPMENT: DESIGNING A Crass “C” Pus- 
Putt R.F. GENERATOR. —Langton. (Wireless 
World, March 1944, Vol. 50, No. 3, pp. 70-72: 
April, No. 4, pp. 111-114.) (i) Expansion of some 
of the points dealt with in the survey referred to 
in 1475 of April. (ii) Major points of design pro- 
.cedure for any value of output. 


2101. POSSIBLE APPLICATIONS OF ULTRA-SHORT RADIO 
Waves [including Accident-Prevention, De-Infesta- 
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tion, “Cooking, ete.) —Mouromtseff. (Journ. Ap- 
plied Phys., Jan. 1944, Vol. 15, No. 1, pp. 20-21: 
short note only.) 


2102, IMPROVISED ‘METHODS OF LOCATING A BREAK IN 
A MuttTI-CorED Casie.—“ Diallist’”’ (Wireless 
World, March 1944; Vol. 50, No. 3, pp. 94-95.) 
Notes on suggestions prompted by 1485 of April. 


2103. THE PROBLEM OF REDUCTION OF VIBRATIONS BY 
USE OF MATERIALS OF HIGH DAMPING Capacity.— 
Gemant. (See 1983.) 


2104. SOUND STROBOsCOPE [Patent for Acoustical Counter- 
part of the Stroboscope].—Kurtz. (Journ. Acous. 
Soc. Am., Jan.1944, Vol. 15, No. 3, pp. 196-197.) 
Assigned to the General Electric Company. 


2105. THE Du Mont TYPE 244 CyCLOGRAPH FOR DETER- 
MINING DIFFERENCES OR VARIATIONS IN METAL- 
LURGICAL PROPERTIES OF METAL PARTS OR STOCK. 
—Du Mont Laboratories. (Review Scient. Instr., 
Dec. 1943, Vol. 14, No. 12, p. 378.) See also 1480 
of April and 1802 of May. 


2106. THE “ JDENTOMETER’’, FOR IDENTIFICATION OF 
Ferrous ALrLoys [by Comparison of Thermo- 
electric Properties]—Dravo Corporation. (Review 
Scient, Instr., Dec. 1943, Vol. 14, ‘No. 12, p. 379.) 


2107. THE TECHNIQUE OF MICRORADIOGRAPHY [for the 
Examination of Alloys].—Maddigan. (Journ, 
Applied Phys., Jan. 1944, Vol. 15, No. 1, pp. 43-54.) 


2108. A FAST AND SENSITIVE BOLOMETER AND GALVANO- 
METER SYSTEM FOR AN INFRA-RED SPECTROMETER 
[Equipment responding in 0.2 Second to 6 x 107° 
Watt of Radiation from a Slit : Moll Microgalvano- 
meter, Photocells, & Preamplifier mounted on 
Support ‘employing Large Compression Spring : 
Effects of Vibration thus reduced to well below 
those of Brownian Motion].—Baker & Robb. 
(Review Scient. Instr., Dec. 1943, Vol. 14, No. 12, 
pp- 356-359.) See also 2109, below. 


2109. AN ELECrRODYNAMIC SLIT UNIT FOR AN INFRA- 
RED DOUBLE MONOCHROMATOR [Constant Energy- 
Output during Changes in Wavelength, by Control 
of Slit through Amplifier for Automatic Output 
Control].—Baker & Robb. (Review Scient. Instr., 
Dec. 1943, Vol. 14, No. 12, pp. 359-361.) Leading 
up to pp. 362-367, ‘‘ High-Speed Automatic Infra- 
Red Spectrometer ” : see also 2108, above. 


2110. ON A DEFORMATION OF THE MERCURY-VAPOUR 
DirREcT-CURRENT HIGH-PRESSURE ARC BY A 
SUPERPOSED ALTERNATING CURRENT [50-16 000 c/s: 
Observations on.Different Types of Lamp, including 
the ‘‘ Heraeus Burner ’’].—Kogch. (Ann. der Phy- 
sik, 26th June 1943, Vol. 43, No. 1/2, pp. 91-98.) 
A footnote mentions that Mangold [for previous 
work see 1537 Of 1941] has encountered similar 
effects with the spherical Osram HgB 500 lamp: 
he will shortly be reporting on the interpretation 
of this effect as a resonance oscillation of the gas- 
filling of the cavity. 

2111. New INTERFERENCE PHENOMENA WITH NEWTON'S 
Rinecs [by using Multiple Beams instead of the 
Usual Two].—Tolansky. (Nature, 11th March 
1944, Vol. 153, No. 3880, pp. 314-315.) See also 
3271 of 1943, 1450 of April, and 1827 of May. 


2112. BRIGHT DIFFRACTION GRATINGS [Latest Technique]. 
—Babcock. (Journ. Opt. Soc. Am., Jan. 1944, 
Vol. 34, No. 1, pp. 1-5.) ] 
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~ TYPE APPROVED 


A mighty important little fellow for maintaining 
vital radio communications is this U.I.C. Pearl 
Type Ceramic Condenser. 


Diameter 7 mm. max. Length 9 mm. max. 
Capacity range 0.5pF—spF. Capacity Tolerance 
Plus/minus 20%. Test Voltage 1500v D.C. 


Suitable for tropical and arctic conditions. 


UNITED INSULATOR CO. LTD. 
12-22, LAYSTALL STREET, LONDON, E.C.1 


Tel, ; TERminus 7383 (5 lines) Grams. : Calanel, Smith, London 
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~ NO VIBRATION a 7 P. 2 _ $ ANE > 
~ uenicanon i Firm, fiexible, free from vibration: British aircraft 


engines, radiators, radio, fuel, oil and coolant tanks, 
generators and several auxiliaries are firmly held, yet 
flexibly mounted on Silentbloc Anti-Vibration Mountings. 
They absorb the destructive effects of shock and vibration, 
which the most severe of operating conditions may impose. 
From years of experience of combatting vibration, a 
comprehensive range of Silentbloc Anti-Vibration 
Mountings has been evolved. 


LADBROKE ROAD 
NOTTING HILL CATE - 


SILENTBLOC VICTORIA GARDENS LOND 


LIMITE 
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“AS USUAL” 
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Not ‘similar’; not ' some- 
thing like ’— but the same. 
Not merely the same to look 
at either. But the same in 
performance, the same in 
behaviour. That is what you 
expect from Ceramic 
Condensers. And you 
expect too, that the 
performance will be of a 
considerably high order. 


The Illustration shows a 
Ceramic Transmitting Condenser. 
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